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Background: Increasing physical activity participation and reducing sedentary behaviour is important 
for the health and quality of life of people with multiple sclerosis (pwMS). It is important not only to 
reduce the impact of the primary impairments caused by MS but also to prevent the secondary 
comorbidities associated with sedentary behaviour. The challenge lies in engaging, and more 
importantly maintaining this engagement, of pwMS in regular physical activity. This is especially 
problematic for those people living in rural areas. Reasons for this may be the lack of exercise facilities 
and health professionals (such as physiotherapy services). Behaviour Change Interventions (BCI) and 
Telerehabilitation may be solutions to increase physical activity engagement long term for pwMS. Two 
previously described and investigated interventions aimed at improving long term engagement in 
physical activity for pwMS are Web-Based Physiotherapy (WBP) and Blue Prescription (BP). Combined, 
these two interventions may offer telerehabilitation-based BCI that may be of benefit to pwMS living 
rurally.  
Aims: This thesis aimed to understand and evaluate a combination of Web-Based Physiotherapy 
(WBP) and Blue Prescription (BP) to enhance long-term engagement in the physical activity of pwMS 
living rurally. 
Design: As this combined intervention can be considered a complex intervention, the United 
Kingdom’s Medical Research Council investigative approach to complex interventions was adopted. In 
this respect, a narrative literature review was undertaken to understand theoretical concepts and 
knowledge underpinning the topic. Then a systematic review was conducted to investigate whether 
the BCIs were effective in improving physical activity participation in pwMS. Described BCIs were 
mapped to the WBP and BP interventions as the next step to develop a better understanding of each 
intervention “BCI ingredients”. A proof of concept study (n=4 pwMS living rurally) using a mixing 
method design followed to investigate the acceptability of the combined intervention, and to trial 
research procedures and outcome measures. The proof of concept study related in changes being 
made to the delivery of the combined intervention and research design. The final study of this thesis 
was a feasibility study with a mixed method, RCT design (n=10 pwMS living rurally) conducted to re-
evaluate the acceptability of modified intervention and research design and investigate the feasibility 
and potential benefits of the combined intervention. 
Intervention: WBP is a telerehabilitation intervention that uses website-based exercise video clips and 
written instructions to encourage pwMS to exercise. BP is an intervention in which the physiotherapist 
works alongside the person, supporting them to choose a physical activity they would like to do and 
when and how often they wish to do this activity. The underlying philosophy being that if the person 
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has ownership and choice over what they do, they are more likely to maintain their participation long 
term. In combining the two interventions, it was anticipated that the WBP would introduce people to 
appropriate exercise and enhance their confidence to exercise. Having achieved this, then BP would 
be introduced to provide people with choice and ownership of what they would like to do (they could 
chose to continue with the WBP exercise or chose something else more to their liking). The combined 
intervention has 24 weeks in duration, comprising 12 weeks of WBP followed by 12 weeks of BP. In 
WBP a physiotherapist visited a participant and prescribed relevant exercises based on an in-home 
evaluation session. During the BP phase, the same physiotherapist interacted three times with the 
participant. At the first interaction, using motivational interviewing technique the physiotherapist 
collaboratively supported the participant’s choice of physical activity. The following interactions were 
aimed at barrier identification and problem-solving sessions. In between these three interactions the 
physiotherapist supported the participant as required via teleconference tools, email, text messages, 
or telephone.   
Data Analysis: the qualitative data were analysed with use of the Inductive Thematic Analysis. The 
ANOVA was used to analysis the quantitative data.   
Results: The systematic review showed that the BCIs might increase the physical activity level of pwMS 
however, the generalisation of these results were challenged by the heterogeneity of the studies. The 
mapping activity demonstrated that seven different BCI groups (based on the Michie taxonomy) could 
be found in the WBP intervention and six in the BP intervention.  The proof of concept study illustrated 
that the combination of the interventions was acceptable to pwMS living rurally although the 
telerehabilitation component offered technological challenges to some participants. Some 
amendments were required to improve the flow between the two interventions. The feasibility study 
showed that the modified combined intervention was acceptable but feasibility could be improved 
with more training of the physiotherapists in the BP intervention training. A key finding was the 
importance of the human-human relationship to both participants and physiotherapists and that this 
cannot or should not be replaced by technology alone. Technology acts as an appropriate 
communication tool. However, the participants’ motivation to join and continue their interventions 
belonged to the physiotherapist and not the computers. No significant quantitative results were 
shown in the outcome measures analysis. The recruitment strategies used in the feasibility study were 
not optimal, resulting in a very slow and sporadic recruitment, and a less than desired sample size. 
Conclusion: Overall, it seems that the combination of the two interventions, WBP and BP is acceptable 
and potentially feasible. However, physiotherapists delivering this intervention require more training, 
especially in BP. More investigation is warranted to gain a better understanding of the relationships 
between motivation, technology and education. Future research is now required to evaluate whether 
the combined intervention does indeed increase physical activity engagement long term for pwMS 
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The overall purpose of my thesis was to develop and test an intervention that would promote life-long 
physical activity engagement in people with multiple sclerosis (pwMS). In this thesis, I explored the 
acceptability and feasibility of combining two existing interventions, Web-Based Physiotherapy (WBP) 
and Blue Prescription (BP) for delivery via face-to-face and via telerehabilitation methods for people 
pwMS living in rural settings.  
Multiple sclerosis (MS) is a degenerative neurological condition affecting about 2.3 million worldwide 
in 2013 (1). About 3,000 people are diagnosed with MS in New Zealand according to figures from 2013 
(2). Many signs and symptoms are associated with MS, such as motor and sensory problems, fatigue, 
balance disorders, visual disorders, incontinent bladder, and cognition problems (3).  
Physical activity is defined as any movement produced by skeletal muscle that expends energy (4). 
This is different to exercise, exercise is intentional, structured, planned, and repetitive movement 
predesignated to progress or preserve physical fitness (Caspersen 1985 , page 126)(4). Therefore, 
exercise is a sub-component of physical activity (5). Many guidelines for the general public suggest 
150 minutes of moderate intensity physical activity to improve general health and well-being (6). 
Whilst the general population often do not meet these recommended guidelines (7), studies have 
shown that pwMS are even less physically active than the general population (8-10). This is of concern 
as it suggests that pwMS may not be sufficiently physical active to maintain health and wellness. 
It was thought for many years that physical activity (specifically exercise as a subcategory of physical 
activity) would aggravate the signs and symptoms of MS (11). However, In 1996, Petajan showed that 
controlled aerobic exercise could increase VO2 max and muscle strength and decrease fatigue levels 
of pwMS (12). In subsequent years, many studies that have used structured exercise programmes 
have shown that these programmes can reduce fatigue, increasing cardiopulmonary health and 
improve quality of life in PwMS (13-16). However, for many pwMS, structured exercise programmes 
can be difficult to engage with because of various barriers that include transportation to programme 
locations, lack of time, and cost to the pwMS (17). Also, living in the rural areas or even crowded urban 
settings may further aggravate these challenges (18). Importantly for this thesis, some pwMS reported 
little motivation to participate in structured exercise programmes as this form of physical activity was 
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not meaningful or realistic for them (19). They also reported that they felt a low sense of perceived 
control while participating in these structured exercise programmes (19).    
Recent exercise guidelines (20-22) have suggested that people with long-term health conditions might 
gain health benefits from less structured programmes. Quality of life, fatigue, and pain were some 
examples of those benefits (23).  This includes more physical activity through leisure activities such as 
gardening and incorporating more physical activity into their daily lives such as walking to the 
letterbox several times a day (24). Reduced intensity, frequency, and duration of physical activity can 
give rise to secondary impairments and co-morbidities beyond the primary signs and symptoms of MS, 
such as muscle atrophy (25), poor cardiovascular fitness and hypertension (26, 27), and diabetes (28). 
The secondary impairments of muscle atrophy and poor cardiovascular fitness, along with the 
resultant decreasing mobility, can cause an ever-increasing cycle of lessening physical activity and 
increasing secondary impairment and co-morbidities (27). Additionally, it has been found that pwMS 
frequently have low physical activity self-efficacy (29), a fear of exercising (30), and high levels of 
fatigue, which can lead to a progressively sedentary lifestyle (31). Therefore, interventions that 
encourage pwMS to be more physically active are increasingly being investigated (16, 23, 32-40). 
However, few studies have explored the effectiveness of interventions to enhance physical activity 
participation and adherence in a home-based and rural setting (41). 
Encouraging people in general to participate and to maintain participation in physical activity is a 
global challenge (42).  As discussed earlier in this chapter, people with long-term health conditions 
such as MS face further barriers (18, 43). Interventions are therefore required that help to remove 
some of these barriers and motivate people to change their lifestyles and adopt new health focussed 
behaviours. Behaviour Change Interventions (BCI) is an overarching term for such interventions, and 
these have been shown to be effective in modifying unhealthy behaviours or conditions such as 
smoking, sedentary lifestyles, obesity, and drug and alcohol addiction (44-47).  BCIs may, therefore, 
be helpful to increase engagement in physical activity for pwMS.  
Two BCI-based interventions (BP and WBP) have been developed specifically for pwMS to increase 
long-term physical activity engagement. Both interventions have been trialled in feasibility studies and 
found to be acceptable and potentially beneficial to PwMS (41, 48). Both interventions promote and 
support self-efficacy to engage and maintain engagement in physical activity. This is particularly 
important for pwMS because of the additional barriers mentioned earlier in this chapter (49, 50). 
Based on the Trans Theoretical Model, behaviour change occurs through a process of different stages 
(this will be discussed in chapter 2)(51). From the findings of studies investigating these two 
interventions and discussions with the researchers who developed them (discussed in detail later), I 
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hypothesise that WBP may help people at earlier stages of change (such as the contemplation stage) 
and that BP may be more useful in later stages of change (such as the maintenance stage). The 
sequential combination of these two interventions, might be a useful way to guide pwMS from earlier 
stages of behaviour change to later stages of change. 
The first symptoms of MS typically onset between the ages of 20-40 years. Multiple Sclerosis is thus a 
lifelong condition with no cure which impacts not only health but employment (52-54), family 
relationships and socio-economic status (55). Accessing health professionals lifelong for physical 
activity related interventions can potentially result in dependency of individuals on those 
professionals, including physiotherapists (56), and be expensive (40), and access to health-promoting 
practices (for example, accessing a gym or a yoga class) may be difficult (57), particularly for those 
living in rural areas (57-59). The expansion of the internet and computer usage has given rise to new 
approaches in delivering and accessing health promotion activities, such as physical activity promoting 
interventions (60). Telemedicine and telerehabilitation are having a more significant role in the health 
sector with promising effectiveness on different dimensions of physical activity in different conditions 
such as MS or stroke (60-62). Telerehabilitation may be a potentially beneficial way to deliver BCIs for 
people who live rurally (60). 
 
1.2 The aim of this thesis: 
 Developing and evaluating a BCI intervention (WBP sequentially combined with BP) to 
enhance regular long-term engagement in physical activity for pwMS living rurally. 
For clarity, in this thesis “long-term engagement in physical activity” refers to the duration of 
regular engagement (over six months), irrespective of the intensity and frequency per week 
of that engagement.  
1.3 Objectives of this thesis: 
 To critically review the existing evidence for BCIs and telerehabilitation to increase the 
duration of regular physical activity engagement in pwMS. 
 To systematically review the effectiveness of BCIs to increase the duration of regular physical 
activity engagement in pwMS. 
 To understand the fundamental behaviour change concepts underpinning WBP and BP. 
 To evaluate the combination of WBP and BP as an intervention to engage and maintain 





1.4 Structure of the thesis: 
This thesis comprises seven chapters.  
 In this first chapter, I have outlined the rationale for the thesis and the thesis aim and 
objectives.  
 In the second chapter, I provide a brief narrative description of the main topics underpinning 
this thesis, namely MS, physical activity and exercise, BCI, telerehabilitation, and the steps 
required to develop a complex intervention.  
 In chapter three, I report a systematic review which I undertook to investigate how effective 
BCIs are in improving physical activity engagement in pwMS.  
 In the fourth chapter, I discuss the two interventions (BP and WBP) and detail a mapping 
process that I undertook in order to identify the BCI components of each intervention and 
thus, to justify combining them. 
  In the fifth chapter, I describe a proof of concept (POC) study in which the acceptability and 
usability of the combined interventions and the research procedures, tools, and outcomes for 
four pwMS living rurally were investigated.  
 I describe a feasibility study of the combined interventions delivered to pwMS living rurally in 
chapter six. This feasibility study aimed to explore whether a combination of WBP programme 
followed by the BP intervention is acceptable to and feasible for those involved in the 
programme. I also report on an evaluation of the potential benefits of these interventions, the 
recruitment strategies, and the outcome measures used. 
 In chapter seven I provide an overall thesis discussion, including the limitations and strengths 

















This chapter briefly describes the main topics underpinning this thesis, namely MS, physical activity 
and its different dimensions, the differences between physical activity and exercise, the benefits and 
challenges of engagement in physical activity for pwMS, BCIs, telerehabilitation, and how to develop 
and evaluate a complex intervention. To note, the two interventions, BP and WBP that this thesis 
focuses upon are described in detail in chapter four.  
 
2.1 Multiple Sclerosis 
MS is an autoimmune neurodegenerative condition with an unknown cause. More than 2.35 million 
pwMS live in the world (1). Also, about 3,000 pwMS live in New Zealand (2). MS is more prevalent in 
a younger female population globally with 2:1 ratio to males (1), however, there are some reports that 
this sex-based ratio in some world regions, such as the USA and East Asia, may be higher, up to 3:1 
(63). The median age of onset in pwMS is about 30 years, although it can present at any age (1). Three 
different types of MS are described as 1) Relapse-Remitting (RRMS), 2) Primary Progressive (PPMS), 
and 3) Secondary Progressive (SPMS)(64, 65). Also, more recent publications describe the fourth type 
of MS as Progressive Relapsing Multiple Sclerosis (PRMS) which is a combination of RRMS and PPMS. 
The prevalence of PRMS is less than 5 % in pwMS (66). 
2.1.1 Pathology: 
There are pathologic differences between the types of MS (67, 68). In RRMS, the immune system is 
triggered to attack the myelin coverage of the white nervous fibres resulting in an inflammatory 
response. As per the name of this condition, these attacks can happen at multiple places in the nervous 
system and with varying degrees of severity, consequently, depending on the location and severity of 
the damage, people can present with diverse signs and symptoms. In people with RRMS, a remission 
may occur, and the inflammation of myelin may be reduced or even disappear completely, with or 
without leaving sclerotic scars (or plaques). This temporarily disrupts nerve conduction, resulting in 
the symptomology. The frequency of attacks and remissions can vary greatly between individuals. 
Eighty-five percent of people diagnosed with MS have RRMS (1), of these, it is estimated that about 
80% will continue to develop SPMS (68, 69). In SPMS and PPMS (69), the inflammatory process is more 
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significant and results in permanent damage in the form of sclerotic plaques on the myelin sheath that 
permanently disrupt nerve conduction and no healing or remission occurs. These forms appear to 
have multiple pathological mechanisms that may cause the neurodegeneration seen in progressive 
MS, such as exhaustion of functional compensation and problems in the ion channels in damaged 
axons. Myelin erosion increases with time, so the neural disruption increases significantly, and the 
signs and symptoms get progressively worse (69). 
2.1.2 Suggested causes: 
There is no certainty about what causes MS. However highly probable causes include gene-
environment interactions (for example, infections, vaccines, and parasites ), and Vitamin D deficiency 
has also been identified (70). 
More than ten different genes have been studied in terms of their association with MS. Studies have 
also investigated the association of gene relationships with environmental factors. For example, the 
association of the genotypes with Epstein–Barr virus or infectious mononucleosis is still unclear as to 
whether or not different factors act in succession and are related to each other or act independently. 
Except for the Epstein–Barr virus, no other factor has been found to be present in all pwMS. Therefore, 
it is more likely that the causal pathways are different between each individual with MS (71). Further 
evidence of the influence of genes in the cause of MS may be the ethnic differences in the prevalence 
of MS. For instance, in New Zealand, the prevalence of MS among Europeans is significantly higher 
than Māori and Pacific Island people (103.4/100,000 vs 15.9/100,000) (72). 
There is substantial evidence of a relationship between vitamin D deficiency and the onset and 
progression of MS (73). However, it is not clear whether it is the duration of exposure to low Vitamin 
D levels or the absolute level of Vitamin D that is related to higher MS risk (74). 
2.1.3 Signs and symptoms: 
As a result of the pathology of MS, the signs and symptoms can vary. Motor disorders, paresthesia, 
fatigue, balance disorder, incontinency, visual impairment, pain, cognitive and verbal impairments are 
some examples of the signs and symptoms of MS. The experience of MS is unique for each pwMS, and 
the Multiple Sclerosis International Federation (MSIF) Atlas illustrates the differences in sign and 
symptoms onset presentation. The MSIF Atlas (2013) project aims to renew the information about the 
sources to diagnose, treat, inform, rehabilitate, and provide services and support to pwMS world-
wide. The information comes from all countries (1). In this global survey, sensory (40%) and motor 
(39%) problems were the most common presenting signs and symptoms, whereas pain (15%) and 
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cognitive problems (10%) were the least common. Table 2-1 shows the prevalence of all onset signs 
and symptoms (1). 
Table 2-1: Onset MS signs and symptoms prevalence (1) 
Sensory Motor Visual Fatigue Balance Sexual Urinary Pain cognition 
40% 39% 30% 30% 24% 20% 17% 15% 10% 
 
According to this survey, some symptoms are more likely to be checked by a neurologist (such as visual 
disturbances and motor problems) than others (for example, sexual and urinary issues) and some 
symptoms are hard to measure, for example, fatigue (1). These variations may skew the reported 
frequency. 
2.1.4 Diagnosis: 
Since 2010, the modified McDonald criteria has been used to diagnosis MS. Two different diagnostic 
items are used to diagnose the condition. The first is the clinical presentation, such as the history of 
clinical attacks, and the second is based on the MRI and CSF test results. According to the McDonald 
criteria, if two attacks (relapses) happen and at the same time two objective data exist, two Magnetic 
Resonance Imagination (MRI) T2 lesions or positive Cerebrospinal fluid (CSF), MS is confirmed (67).  
Regarding MS types, RRMS is diagnosed by its history of frequent relapses or attacks and subsequent 
remissions. A relapse is described as the sudden appearance of a sign or symptom (or a combination) 
that remains at least one day. The remission can occur after 24 hours to some months. The remission 
can be complete or incomplete. The frequency of attacks can vary and be different from one case to 
another. SPMS has a gradual transition and worsening from RRMS with or without exacerbation. There 
are no any clear clinical, immunological, or pathological criteria to define this transition. In PPMS, 
because of its pathology, the deterioration occurs gradually. Therefore, there is no  relapse history in 
this type of MS (64). 
2.1.5 Disability evaluation: 
Kurtzke et al. introduced a disability status evaluation tool called the Expanded Disability Status Scale 
(EDSS) that evaluates various body systems to advise a score for overall disability of pwMS. The scores 
range from zero to ten with a score of zero equating to no disability and ten to death due to MS. 
According to the EDSS, activity limitation in pwMS is categorised into three groups: Mild (0 to 3), 
Moderate (3.5 to 7), and Severe (7.5 to 9.5)(3). A weak point of this system is that the same point or 
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classification does not mean that the participants have the same disability, although this system is 
used universally and by almost all studies. 
 
2.1.6 Medical management: 
Global medical management of MS, on which New Zealand’s Pharmaceutical Management Agency 
(PHARMAC) management of MS is also based, is broadly divided into two groups (75): 
 Disease Modifying Drugs (DMD): in which the medications modify the immune system to 
decrease the number of attacks with different types of pharmacophysiology. Therefore, DMD 
is used for individuals with RRMS and SPMS rather than with PPMS. Beta interferon or 
Glatiramer acetate are the most common medications in this respect. 
 Disease symptom management medications: in which each sign and symptom is separately 
managed, for example, Baclofen to reduce spasticity, Gabapentin to reduce neurogenic pain 
and paraesthesia, or Ampyra to improve balance. 
Corticosteroids are also used commonly to reduce the inflammation during a  relapse episode (65). 
2.1.7 Physiotherapy management: 
Previously, due to the belief that exercise and physiotherapy may be harmful to pwMS, what 
physiotherapy and rehabilitation could offer was somewhat limited (12). The services that 
physiotherapy could offer to pwMS were the maintenance of a joint range of motion, management of 
pain, gait retraining, the prescription of devices and splints and the management of abnormal muscle 
tone (76). Joint range of motion and abnormal muscle tone management was performed with the help 
of stretching exercises, weight-bearing exercises and prescription of assistive devices and splints (76, 
77). Electrotherapy and massage were used both for pain and abnormal tone management (78). Some 
of the main problems of pwMS, however, were mostly neglected by physiotherapists, specifically 
fatigue management, increasing or maintaining muscle strength, and retraining balance (11). 
In 1996, Petajan and colleagues demonstrated that 15 weeks of aerobic exercises could reduce the 
fatigue and increase the maximal oxygen consumption (VO2 max) in pwMS (12). This seminal paper 
altered the focus of physiotherapy for pwMS. Exercise-based therapy became more prominent.  This 
shift to exercise was investigated by a number of studies, with studies exploring different modes or 
types of exercise to impact on a wide range of signs and symptoms of MS.  
For example, systematic reviews have demonstrated the effectiveness of exercise therapy on: 
reducing fatigue (z = 3.88, p ≤ 0.001; 17 RCTs; n = 568) (79); improved  balance (z = 5.44, p≤ 0.001; 
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15RCTs; n = 529) (80); increased aerobic capacity (z = 5.4; P<.0010) and muscular strength (z = 5.05; 
P<.001) (20 RCTs; n=694) (81); and improved walking (z = 3.15, p< 0.01; 21 RCTs; n=947) (82). The 
exercise modes or types used, and whether individually or in combination, in the included studies 
varied. For example, strengthening exercises, aerobic exercises, balance interventions, and stretching 
were used either individually or in a variety of combinations. The duration of the exercise programmes 
varied from three to 26 weeks however, the most frequent duration was 6 to 12 weeks (with studies 
following participants for three to six month) (80). Furthermore, most studies used a mild intensity 
form of exercise, use of moderate and vigorous intensity exercise was rare (80, 81). Thus there is 
robust evidence that exercise (of mild intensity) per se is beneficial for pwMS, but the exact mode or 
combination of modes of exercise is still unclear, as is the best duration.  
In 2006, Motl et al. began to publish a series of papers to show the relationship of physical activity and 
quality of life in pwMS (8-10, 38, 39, 83, 84). These authors showed an association (β = .57) between 
being more physically active and having higher levels of quality of life in 196 pwMS (10). This then 
shifted the focus of research from that of exercise per se for pwMS to that of physical activity 
engagement and how to enable pwMS to increase their physical activity engagement in terms of 
duration, intensity, and frequency (32, 33, 48, 85-87).   
Most of the above mentioned research also focused on pwMS with mild disability, and most 
commonly on people with  relapse-remitting MS. Studies focussing on the more progressive versions 
of the condition or those with more higher levels of disability were rare (88).  
2.2 Physical activity: 
 
2.2.1 Physical activity definitions and types 
Physical activity is defined as “any bodily movement produced by skeletal muscles that require energy 
expenditure” (21). Lack of physical activity may raise the risk of hypertension, coronary heart disease, 
type II diabetes, colon and breast cancers, and depression. It is now considered one of the leading risk 
factors for global mortality (89). Exercise is defined as “an activity carried out for a specific 
purpose.”(Caspersen1985 ,page 128)(4). The terms physical activity and exercise are often used 
interchangeably. However, they are not the same. To illustrate, exercise can be categorised as a 
subgroup of physical activity in which planning, repeating, and aiming is the main objective (90). On 
the other hand, physical activity is more general and can comprise exercise or any physical movement 
that uses skeletal muscles to expend energy, such as activities of work, leisure, play, recreation and 




2.2.2 Physical activity intensity, duration, and frequency 
Physical activity can be described in terms of intensity, duration, and frequency. Intensity, or how 
much energy is expedited during the performance of the physical activity, can be catgeorised as light, 
moderate, and vigorous. The American Physical Activity Guidelines (91) (adopted internationally as 
guidelines for healthy physical activity) emphasises exercise intensity as crucial.  Light intensity 
physical activity is classified as activity that expends energy less than three times that of metabolic 
equivalent (MET). One MET is the amount of oxygen that a person consumes in a resting setting. If an 
activity needs three to six times of MET, it is defined as moderate intensity, and more than six METs 
is classified as vigorous activity. Examples of light physical activities are slow walking (i.e. shopping, 
walking around the house), making the bed, eating, preparing food, and washing dishes. Sweeping the 
floor, walking with normal pace, vacuuming, or slow dancing are some examples of moderate 
intensity. Running, skipping rope, games such as soccer or volleyball, and carrying heavy loads are 
considered as vigorous activity (92, 93).  
Physical activity duration is the amount of time that the individual participates in one session of 
physical activity but it can also refer to the period of time in terms of weeks or months (94, 95), 
whereas the frequency of physical activity is described as the number of sessions that an individual 
engages per a length of time (per day, week or month) (96).  
2.2.3 Physical activity recommendations  
The World Health Organisation (WHO) recommends that a standard weekly physical activity 
programme for 18-64 year group of seventy-five minutes of vigorous-intensity or two and half hours 
of moderate-intensity aerobic activity  plus two sessions of muscle strengthening activity to achieve 
general health to prevent long-term conditions (89).  
Although, there were no specific weekly physical activity participation guidelines for pwMS to achieve 
and maintain general health (24), recently, the Canadian Society for Exercise Physiology (22) suggested 
the following: two sessions of 30-minutes of moderate physical activity with a focus on aerobic 
exercises, such as fast walking or swimming and two sessions of muscle strengthening exercises. 
However, Latimer-Cheung et al debated that pwMS with higher levels of disability may need less 
physical activity frequency / duration to achieve health benefits, given the high energy expenditure 
used to undertake activities of daily living (97).   
2.2.4 Physical activity measurement: 
Measuring of the different dimensions of physical activity is challenging. Six different methods exist 
to evaluate physical activity engagement and can be divided into those that monitor how much 
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physical activity is undertaken (Self-Report Questionnaires, Self-Report Activity Diaries/Logs, Direct 
Behavioural Observation, and motion devices, e.g. Accelerometers, Pedometers, Global Positioning 
System (GPS)) (93) and those that measure the physiological impact of physical activity (the Doubly 
Labeled Water (DLW) technique (98) and heart rate and blood pressure (93)) .  
The DLW technique, in which the stable and unstable isotopes of Hydrogen and Oxygen of water are 
used to determine the body CO2 production as an energy expenditure gauge(99), is suggested as the 
gold-standard technique for measuring physical activity and energy expenditure. However, its lab-
based application, specialised equipment and high cost limit its usage (100). Monitoring of heart rate 
or blood pressure is easier and cheaper and can indicate energy expenditure, but are not reliable as 
many other factors also alter blood pressure and heart rate, for example, coffee drinking, age, and 
medication. Therefore, only monitoring these variables is not considered sufficient to measure 
physical activity participation (93).   
Activity monitors are considered an objective method of tracking physical activity. Three main types 
of monitors presently exist: pedometers, accelerometers, and global positioning systems (GPS (93, 
101). A pedometer is an electronic portable device that counts the steps that a person takes by 
detecting hands or hips motion (102). The pedometer usually measures the distance that each 
participant moves (step counting) regardless to direction or intensity of movement and then uses 
these data to make an estimation of physical activity level (102). Due to the use of step counting as an 
index to estimate physical activity, pedometers are not applicable to measure physical activities which 
are not walking based (e.g. swimming, cycling, or weight lifting). Also, the reliability and validity of 
pedometers for those with mobility disability (e.g. people with pathologic gait patterns) are 
questionable (103).  
An accelerometer is a device which measures the acceleration of an individual’s body or parts of their 
body during motion. From the measurement of speed, direction and intensity an estimate of the 
amount of energy expenditure expended during the movement can be calculated  (104). Recently, the 
reliability and validity of these devices have significantly improved for use not only in research but also 
for use in the general population. However, the application of these activity monitors in non-ambulate 
people still presents with significant challenges (101, 105-110). Validation of accelerometers against 
DLW varies, with correlations of 0.63 – 0.89 depending on the brands and position placed on the body 
(111, 112).  
Global Positioning System (GPS) as a physical activity monitor to monitor distance, velocity and the 
speed that the objects move (113) and have been used to measure human movement. However, GPS 
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can only be used for outdoor activities as it requires satellite linkage (114). Furthermore, a GPS cannot 
measure the intensity of physical activity (113).  
 Questionnaires, diaries or behavioural observations are the cheapest and most prevalent methods 
used to track physical activity participation (115), and a variety exists for use in the general population 
(116). In contrast with their low cost and accessibility, all are subjective and rely on recall, and 
therefore, with regards to populations with potential cognitive impairments, such as pwMS, may not 
be very reliable (117). The sensitivity of questionnaires to detect their respective variables such as 
physical activity, duration, or severity are considered as low to medium (118).   
Some studies use the physical component of quality of life or fatigue questionnaires to evaluate 
physical activity dimensions (41, 48). Also, Mills et al (119) reported that the total score of Modified 
Fatigue Impact Scale (MFIS) may not be valid to measure fatigue in pwMS therefore the sub-
components scores (comprising physical, cognitive and psychosocial) might be considered separately, 
therefore, it could be a possibility to use physical component as a physical activity measurement(119). 
Moreover, Bize et al showed in a systematic review that physical activity dimensions might have a 
positive association with quality of life in cross-sectional studies. However, the randomised controlled 
trials have not support the cross-sectional study findings in this respect (7). Therefore, a better 
understanding of the potential ability of these kinds of questionnaires to measure various physical 
activity dimensions is required.  
2.2.5 Physical activity barriers and facilitators (general population and pwMS): 
A large number of barriers to participating sufficiently in physical activity for the general population 
have been identified. Systematic reviews report barriers in adolescents, adults and older people (46, 
120-123). For example, Shepherd et al. and Rees et al. reported the followings as some barriers to be 
physically active in adolescents:  inappropriate activities, lack of choice or consultation over activities, 
physical education environment, rules and arrangements, unsupportive attitudes of teachers, unsafe 
facilities for leaving bicycles/scoters/skateboards at school, concerns about safety, self-consciousness 
about appearance, homework, disapproval of exercise by families of young women, and peer 
pressure. Glowacki et al. cited the following as barriers for adults to participate in physical activity: 
lack of confidence, feelings of discomfort, lack of motivation, conflicting interests, lack of information 
about physical activity, lack of time, lack of money, low-level exercise self-efficacy, the ineffectiveness 
of exercise, lack of self-motivation, boredom and lack of enjoyment, fear of injury, and lack of social 
support. Furthermore, Horne et al. (121) and Eronen et al. (123) pointed to lack of obtaining accurate 
information, language barriers, overprotective family, concepts of ageing, migration, lack of 
knowledge of geographical area, pain and illnesses, poor mobility, feel insecure in outdoor activities, 
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and poor weather as some barriers to be more physical active in older adults.  Improving a person’s 
physical activity participation is therefore complex as it is not just individual barriers that have to be 
overcome, social, age related, cultural, and gender issues need to be addressed too. 
In contrast, several studies cite the physical activity facilitators in more healthy people. For instance, 
doctor's advice, behaviour change interventions, enjoyment, self-monitoring, variety in activities, 
autonomy, individualised programme, safe location, others’ support (social support), face-to-face or 
telephone support, group exercising, and self-monitoring methods (pedometers, diary, or workbook) 
were considered facilitators (121, 124).   
Barriers and facilitators of physical activity engagement for people with long-term neurological 
conditions have been reported in two systematic reviews (43, 125). Nicolson at al. in 2013 reported 
the following as barriers to be more physically active in people with stroke: transportation, cost, access 
to physical activity facilities, embarrassment, stroke related disabilities and limitations, cognitive 
disability, lack of time, lack of knowledge about the benefits of physical activity, fear of falling and 
recurrent stroke, and lack of motivation, and lack of confidence that their trainer has enough 
knowledge to help them (125). Conversely, social support, social opportunity, motivational support, 
physical tasks and daily functioning, personal goal setting, knowledge to health benefits of physical 
activity, verbal and objective encouragement, self-determination, and adaptability were identified as 
facilitators to enable people with stroke to increase engagement in physical activity (125).  
A review published in 2012 by Mulligan et al. identified barriers for physical activity participation for 
people living with a neurological condition (43). More than half of the reviewed population were 
pwMS (n = 1673/3106). Four main barrier categories were identified: 1) primary and secondary body 
structure and function limitations, 2) activity and participation factors, 3) environmental barriers, and 
4) personal barriers. Fatigue, lack of energy, poor balance, pain, gait problems, cognitive disorder, and 
obesity were examples for the first category. Being embarrassed to engage in physical activity in public 
places was an example of the second category. Examples of environmental barriers were 
transportation barriers, cost, physical barriers, and unsafe sports equipment for disabled people, lack 
of information, and lack of social expectations to do exercise and carry out physical activity. The fourth 
category included factors such as age, unemployment, and lack of belief in physical activity benefits.  
Stuifbergen, in 1999, conducted a high-quality cross-section study which identified similarities and 
differences in physical activity barriers between urban and rural living pwMS. Fatigue, body structure 
and function limitations and financial problems were common to both. Urban living pwMS highlighted 
time issues and interference with other responsibilities as further barriers. Whereas for rural living 
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pwMS, lack of convenient facilities and safety were the two main barriers. The primary strengths of 
this study were its large sample size (n=803) and research design. 
PwMS also face the same physical activity participation issues that the general population face, as well 
as those presented by their MS signs and symptoms (126). Not surprisingly, pwMS have been shown 
to be less physically active than the general population (47). A significant association (γ = -0.46, p < 
0.001) has been reported between reduced physical activity and fatigue in pwMS (8, 127), with a 
higher level of fatigue associated with the physical activity. A positive moderately significant relation 
has been reported between physical activity level and self-efficacy (γ = 0.49) and a negative correlation 
with disability level (γ = -0.50) (less disability correlates with increasing physical activity) (8, 127). 
Negative, significant but smaller associations were found between physical activity and depression (γ 
= -0.31) and pain (γ = -0.19) (8). Other reasons reported by pwMS for reduced physical activity 
participation were fear of worsening the MS symptoms because of doing physical activity, 
transportation barriers, and economic costs (128-131).  
2.2.6 Physical activity adherence and engagement: 
Important to attaining the health benefits of exercise and physical activity is engaging in them long 
term. This requirement leads to the use of terminology such as “adherence” and “engagement”.   
Adherence means “the fact of someone behaving exactly according to rules, and beliefs” (132). Clinical 
adherence is described as “ the extent to which a participant’s behaviour be in agreement with agreed 
clinical recommendations” (133). Engagement is defined as “the fact of being involved with 
something” (134). Therefore, exercise and physical activity adherence refers to keeping to an exercise 
regimen or prescribed physical activity for a long period of time following the initial phase of 
intervention (135). Adherence in this context mostly points to the individual doing what they have 
been prescribed to do and thus can be measured with the use of time, numbers of sessions, or 
attendances. Likewise, if the aim is to increase the amount of physical activity someone does (whether 
it be frequency, intensity or duration), this can be more readily measured using the methods described 
in section 2.2.4 above, such as activity monitors or questionnaires. Using the terminology “engaging 
in physical activity or exercise” is less prescriptive and indicates the person is involved without more 
directly pointing to time, intensity, or duration. Thus, measurement of “engagement” is a challenge 
and not yet clearly defined, mostly it is has to be via self-report.  
The long term adherence of pwMS to being physically active is unclear. Most systematic reviews 
investigating this question focus on exercise programmes per se, as opposed to physical activity more 
generally (24, 97). Based on a subjective synthesis of the results (24), there is a moderate evidence of 
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adherence of pwMS to exercise programmes with short term design (less than three months). 
However, long term (more than 3 months) adherence is either not measured or no evidence.  
2.2.7 Urban versus Rural physical activity: 
Some studies have investigated the difference of urban and rural settings have for pwMS. These 
studies were conducted in areas such as quality of life (136), mental health care (137), access and 
barriers to health care (138), physician services (59, 139), nursing (140), and insurance coverage (141), 
however, based on my knowledge and literature searches no systematic review has been published 
that focused on urban versus rural setting on physical activity engagement in pwMS. Therefore, it may 
be worth reviewing this in non-disabled populations. There is one systematic review (143) and one 
large scale cross-sectional study that answers this question in a non-disabled population (142, 143). 
Reviewing the Cauwenberg et al. systematic review (143) shows that most studies focused on urban 
populations rather than rural ones. For example, 13 out of 31 studies conducted and focused only on 
urban settings compared with just two studies on only rural settings. Twelve studies were conducted 
to make a direct urban versus rural comparison. The narrative synthesis of these mentioned studies 
showed poor evidence for a significant difference between an urban and a rural setting on physical 
activity participation. However, the systematic review concluded that more robust research is 
required because of poor quality and low sample populations of the included studies (142).  Robertson 
et al. in a large scale study (N = 14,188) concluded that the total level of physical activity duration in 
urban and rural population were the same, however, the leisure time physical activity (such as muscle 
strengthening) time in a rural population was less than in an urban one (143).  
2.2.8 Research gaps regarding physical activity and pwMS: 
There are knowledge gaps in current research on exercise therapy and physical activity participation 
for pwMS. One of the main gaps is how to initially encourage people to participate in exercise and 
physical activity and then how to get them to maintain their adherence to such programmes long 
term. Furthermore, research has primarily recruited pwMS with a low-level disability at the exclusion 
of those with a moderate and severe disability. Also, there is very little research in this field has been 
conducted in a home-based setting (as opposed to a laboratory or health service setting), particularly 
in rural or remote settings. 
Work is required to find ways to encourage physical activity participation for pwMS. Previously, BCIs 
have been used to change unhealthy behaviours and long-term conditions such as obesity, unhealthy 
eating, smoking, drinking, and low physical activity in pwMS and the other neurological conditions. 
The next section briefly reports on this topic. 
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2.3 Behaviour Change and Behaviour Change Intervention  
Behaviour change is defined as any reconstruction  or correction of human behaviour (144). A US 
consensus meeting in 1991, identified  three construct – opportunity, capability, and motivation -  that 
influence a behaviour and cause a change in behaviour (145). (1) Opportunity is defined as all the 
external factors that may signal a behaviour to change. (2) Capablity is the personal physical or 
pschological abilities an individual requires to perform a behaviour. (3) Motivation is defined as all the 
thought processes, decision making, and energising required to enable change and to achieve a goal. 
These three constructs influence each other and all three are required to  bring about a change in 
behaviour. To change behaviour, a person thus should have enough motivation, sufficient 
opportunity, and appropriate capability (144, 146).   
BCIs are defined as “the coordinated sets of activities designed to change specified behaviour 
patterns” (Michie 2011, page 1)(144).  BCI research began in the addiction field to try and change less 
desirable behaviours such as alcohol, smoking and drug abuse (147, 148); social and cultural norms 
along with health economics and policies frequently dictating what are considered desirable or 
undesirable behaviours (149, 150). As a consequence of the success of these interventions, research 
has extended to the use of these interventions to change behaviours of people living with long-term 
conditions such as obesity, type II diabetes, and neurologically-related conditions (144, 151). In 2008, 
Michie et al. published a taxonomy to categorise BCIs (152-154), which was then updated in 2011 and 
again in 2013. According to V1-93 version, 93 different types of BCIs within 16 population groups were 
classified (Table 2-2). There are some differences between the primary and secondary versions of this 
taxonomy (155, 156). For example, some interventions, such as motivational interviewing, that 
previously were appointed as an independent BCI (Michie 2011) were removed entirely in the new 
version of the taxonomy as it was considered they themselves comprised various types of BCIs. To 
note, in some documents BCIs are termed “behaviour change techniques” (156). 
BCIs aim to change inappropriate or less desirable behaviours such as smoking, drug or alcohol abuse, 
unhealthy eating, or sedentary lifestyles. Usually, more than one BCI is combined with others to fortify 
the efficacy of the intervention and create more coverage for the multidimensional nature of human 
behaviours (157). Based on the area of intervention, different types of BCIs may be utilised. For 
example, the “Scheduled consequences” group of interventions is mostly used for obesity but 
“Regulation” and “Self-belief” interventions may be used more in drug addiction (45). The 
interventions “Goals and planning,” “Feedback and monitoring” and “Shaping knowledge” are 
commonly used in most target populations and behaviours requiring change (46, 156). Within each 
BCI group, some techniques are used more than the others with regards to condition and behaviour. 
For example, in the “Repetition and substitution” group, the “Graded task” technique is very prevalent 
17 
 
in physical activity and exercise rather than “Overcorrection”, a technique used mostly for promoting 
healthy eating. This does not mean however that the utilisation of each BCI group or technique is 
unique for just one condition or population (120, 152).  
BCIs that aim to increase physical activity have been reviewed in two systematic reviews. In 2009 
Michie et al. showed that BCIs had a significant but small effect size in physical activity (EF= 0.31, 
p<0.001) in all included studies regardless of their population condition. The heterogeneity of this 
review was however high (I2 = 69 %)(152). Williams in 2011 reviewed all studies that used BCIs to 
increase physical activity in all kinds of populations except those with obesity and reported a 
significant but small effect size for physical activity self-efficacy (EF=0.16, p<0.001) and for physical 
activity (EF= 0.31, p<0.001)(46). To my knowledge, no review of the association of BCIs and pwMS has 
yet been published. 
Michie et al.  (2011) went on to develop a framework, the Behaviour Change Wheel (BCW), to 
represent the influence of BCIs on behaviour change. This framework shows which BCIs influence 
which of the three behaviour constructors (Opportunity, Capability, and Motivation). For example, a 
BCIs comprised of education and training influences Capability. Alternatively, persuasion and coercion 
based BCIs may more effective on Motivation than on the other two constructs. Restriction-based BCIs 
have effect on Opportunity. No one BCIs can change all three constructors. Also, each BCI may be 
designed to change a specific behaviour for example smoking cession, or physical activity 
improvement. Therefore, the performance and effectiveness of the BCI may be vary depending on the 
targeted condition such as obesity or alcohol abuse. Thus, choosing the right combination of BCIs to 



















1. Goals and planning 
1.1 Goal-setting (behaviour) 
1.2. Problem-solving 
1.3. Goal-setting (outcome) 
1.4. Action planning 
1.5. Review behaviour goal(s) 
1.6. Discrepancy between current 
       behaviour and goal 
1.7. Review outcome goal(s) 
1.8. Behavioural contract 
1.9. Commitment  
6. Comparison of behaviour 
6.1. Demonstration of the 
       behaviour 
6.2. Social comparison 
6.3. Information about others’ 
       approval 
12. Antecedents 
12.1. Restructuring the physical 
         environment 
12.2. Restructuring the social 
         environment 
12.3. Avoidance/reducing exposure    
         to cues for the behaviour 
12.4. Distraction 
12.5. Adding objects to the 
         environment 
1.6. Discrepancy between current 
12.6. Body changes 
7. Associations 
7.1. Prompts/cues 
7.2. Cue signalling reward 
7.3. Reduce prompts/cues  
7.4. Remove access to the reward 
7.5. Remove aversive stimulus 
7.6. Satiation 
7.7. Exposure   
7.8. Associative learning 
2. Feedback and monitoring  
2.1. Monitoring of behaviour by 
       others without feedback 
2.2. Feedback on behaviour  
2.3. Self-monitoring of behaviour 
2.4. Self-monitoring of outcome(s)   
        of behaviour 
2.5. Monitoring of outcome(s) of 
       behaviour without feedback 
2.6. Biofeedback  
2.7. Feedback on outcome(s) of 
       behaviour 
13. Identity 
13.1. Identification of self as role 
         model 
13.2. Framing/reframing 
13.3. Incompatible beliefs 
13.4. Valued self-identify 
13.5. Identity associated with 
         changed behaviour 
8. Repetition and substitution 
8.1. Behavioural practice/rehearsal 
8.2. Behaviour substitution 
8.3. Habit formation 
8.4. Habit reversal  
8.5. Overcorrection 
8.6. Generalisation of target 
       behaviour 
8.7. Graded tasks  
14. Scheduled consequences 
14.1. Behaviour cost 
14.2. Punishment 
14.3. Remove reward 
14.4. Reward approximation 
14.5. Rewarding completion 
14.6. Situation-specific reward 
14.7. Reward incompatible 
         behaviour 
14.8. Reward alternative behaviour 
14.9. Reduce reward frequency 
14.10. Remove punishment 
3. Social support  
3.1. Social support (unspecified) 
3.2. Social support (practical) 
3.3. Social support (emotional)   
9. Comparison of outcomes 
9.1. Credible source 
9.2. Pros and cons 
9.3. Comparative imagining of 
       future outcomes 4. Shaping knowledge   
4.1. Instruction on how to perform 
       the behaviour 
4.2. Information about antecedents 
4.3. Re-attribution    
4.4. Behavioural experiments  
       (behaviour) 
 
10. Reward and threat 
10.1. Material incentive 
10.2. Material reward (behaviour) 
10.3. Non-specific reward 
10.4. Social reward 
10.5. Social incentive 
10.6. Non-specific incentive 
10.7. Self-incentive 
10.8. Incentive (outcome) 
10.9. Self-reward 
10.10. Reward (outcome) 
10.11. Future punishment 
15. Self-belief 
15.1. Verbal persuasion about 
         capability 
15.2. Mental rehearsal of successful      
         performance 
15.3. Focus on past success 
15.4. Self-talk 
5. Natural consequences 
5.1. Information about health 
       consequences 
5.2. Salience of consequences 
5.3. Information about social and 
       environmental consequences 
5.4. Monitoring of emotional 
       consequences 
5.5. Anticipated regret 
5.6. Information about emotional 
        consequences 
 
16. Covert learning 
16.1. Imaginary punishment 
16.2. Imaginary reward 
16.3. Vicarious consequences 
 
11. Regulation 
11.1. Pharmacological support 
11.2. Reduce negative emotions 
11.3. Conserving mental 
          resources 




2.3.1 The underpinning psychological theories to Behaviour Change Interventions  
Various psychological theories and models exist to explain why a behaviour conforms and how it can 
be changed. A systematic review in 2015 of studies aimed at changing physical activity, dietary, and 
smoking behaviours, identified 82 different theories that use  BCIs as their main interventions (158). 
Five theories were found to be dominant, namely the Transtheoretical Model (TTM), the Self-
Determination Theory, the Social Cognitive Theory, the Theory of Planned Behaviour, and the Social 
Ecological Model (158, 159).  These theories were classified as to where they influence behaviour - at 
the intrapersonal, the interpersonal, or the ecological level. The Transtheoretical Model, the Self-
Determination Theory, and the Theory of Planned Behaviour were classified as Intrapersonal level 
theories as they focus on individual-level factors such as skills, beliefs, and knowledge and how these 
influence behaviour. The Social Cognitive Theory was categorised as an interpersonal level theory as 
it focuses on the relationship of people with their society, such as their family or friends and how this 
network may influence behaviour.  The Social Ecological Model is a mixture of both intrapersonal and 
interpersonal which focuses on larger social systems such as organisations or public policies, and is 
thus categorised at the ecological level (160).  
For this thesis, I focused on the Transtheoretical Model because of previous findings in Blue 
Prescription studies that will be discussed in detail in chapter four. I therefore expand on this model 
below. 
2.3.2 Transtheoretical Model 
Prochaska and Di Clemente developed the Transtheoretical Model (TTM) to describe the natural 
change of behaviour change (161, 162), in which five different stages were idenitifed, namely, Pre-
contemplation, Contemplation, Preparation, Action, and Maintenance. Four main constructs underpin 
the TTM: 1) continual process, 2) the processes of change, 3) self-efficacy, and 4) decisional balance 
(51). 
In the natural progression of change, there is a continual process, however the progress or movement 
through the different stages of change may not be linear, nor does it necessarily have to be in one 
direction, as people’s behaviour can change in the downwards direction too as relapses may happen. 
In the processes of change, there are two different parts; cognitive and behavioural. To facilitate in 
the earlier stages of change, cognitive processes are used to adopt with new behaviour. In the more 
advance stages of change, behavioural processes facilitate behaviour change. Self-efficacy to change 
is required to bring about change. Self-efficacy is the confidence a person has to execute a behaviour 
successfully toward a goal in spite of barriers or obstacles (51).  In the early stages  of behaviour 
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change, the person needs to weigh up the advantages and disadvantages of whether they wish to 
change before any change can occur and this is known as decisional balance (163).   
Many studies have used the TTM to underpin the intervention they are investigating. However, few 
randomised controlled trials and no systematic reviews have investigated the effectiveness of BCIs 
used in each of the TTM stages. Therefore, the association between BCIs based on the Michie 
taxonomy and TTM stages has not yet been demonstrated. Furthermore, no specific BCI group or 
technique is described as the most effective BCI for any one condition or behaviour. Additionally, a 
systematic review investigating the relationship of BCI and physical activity in pwMS has not been 
undertaken and is thus warranted. 
It has been suggested that one way of delivering rehabilitation to people living rurally or remotely is 
via telerehabilitation. The next section explores this method of delivery of rehabilitation and the 
current evidence base for it. 
2.4 Telerehabilitation: 
Telerehabilitation is defined as a delivery method for rehabilitation services via communication and 
information technologies (164). All kinds of technologies, such as email, text message, telephone, 
teleconference, and websites may be utilised in telerehabilitation, and these can be included in a 
range of rehabilitation services, for example, as an intervention, or for assessment, supervision, 
monitoring, education, or consultation. Telerehabilitation has been delivered to a variety of people 
with a range of different conditions and disorders. For example, speech-language pathologists have 
used this method to evaluate their participants with stroke and traumatic brain injuries (165). Also, 
they have used telerehabilitation methods to manage Anomia (a word-finding difficulty that is a 
consequence of stroke-induced linguistic problems)(166). Physiotherapists and occupational 
therapists have used tele-methods to educate, supervise exercises, and encourage physical activity 
participation with clients with various long-term conditions, such as stroke (167). 
There is strong evidence for the effectiveness of face-to-face rehabilitation to improve fatigue and 
physical activity participation in pwMS (168). It has been shown that pwMS strongly depend on 
rehabilitation management to engage in exercise therapy a physical activity programmes (49, 50). 
However, living in a rural location or with transportation limitations, where there is limited access to 
rehabilitation services may result in decreased physical activity engagement (55, 57, 58, 169). For 
example, lack of proper transportation may make attending physiotherapy services more expensive 
for people or the health system (52-54, 58). Lonergan et al. (2015) showed that many of the needs of 
more disabled patients with SPMS or PPMS living in rural areas were not met due to limitations in 
available transportation (58). Increasing levels of disability increase the costs of managing MS (52), 
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and for those who live in a rural setting this might result in  less speciality care visits (57), including 
those required to ensure people engage sufficiently in physical activity (89). For pwMS who live rurally, 
to access health services in more urban areas, the  fatigue (170) triggered by heat or length of a long 
trip may prevent such trips occurring.(57). With all this in mind, telerehabilitation may be a helpful 
approach to bring health services, such as physiotherapy, to pwMS living rurally. Although a systematic 
review of telerehabilitation in pwMS showed low to moderate effectiveness in decreasing short-term 
disability and improving some MS symptoms, lack of  high quality studies to analyse was a limitation 
of this review (171). 
Recent financial constraints have encouraged healthcare systems to find alternative cost-saving 
methods to conventional health delivery methods (60). Usage of information and communication 
technology may be such an appropriate alternative method (60). However, the cost-effectiveness of 
telerehabilitation needs still to be proven. Four systematic reviews of telerehabilitation report limited 
evidence for the cost-effectiveness of telerehabilitation, mainly due to there being currently too few 
studies measuring cost-effectiveness (60, 62, 167, 172). For example, Kairy et al. in 2009 showed 
preliminary evidence of the cost-effectiveness of psychological interventions which utilised 
telerehabilitation as a method of intervention delivery for mental health-related conditions, however, 
as only five studies actually investigated cost-effectiveness, the robustness of the evidence is 
debatable(172). 
There is strong evidence for a high level of satisfaction (63 % rated as good and 36% rated as excellent) 
by people with stroke towards the use of telerehabilitation, but the evidence in pwMS is weak (mainly 
due to the lack of high-quality RCTs, poor methodology, and small sample populations). For example, 
10 out of 18 neurological studies that were included in Hailey et al. review of telerehabilitation studies 
(all neurological conditions) were rated as low-quality studies (61). 
Khan et al. reported low quality for all the pwMS telerehabilitation studies included in their review, 
with use of the Cochrane Library quality assessment table. Two other systematic reviews, Johansson 
et al. of a stroke population and Kairy et al. of a mental health population ranked most studies included 
in their reviews of low quality due to their small sample populations (n = less than 25 people). All 
reviews suggested that more high-quality studies of the effectiveness of telerehabilitation need to be 
conducted (60). 
In their 2015 publication Khan et al.  used Cochrane’s systematic review to study the effectiveness of 
telerehabilitation interventions on body structure and function, activity and participation limitations 
in pwMS (60). The feasibility of using telerehabilitation methods to evaluate, educate, manage, 
supervise, and follow-up fatigue and increase physical activity participation were the most common 
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telerehabilitation interventions investigated in the included studies. The results showed low-level 
evidence for the use of telerehabilitation to improve physical activity, walking, postural control, 
balance capacity, fatigue and the quality of life. No adverse events from using telerehabilitation were 
reported. There was no evidence of the effectiveness of use in any one individual intervention setting 
over other settings, however, Khan et al. suggested that the ineffectiveness may be because of the 
lack of high quality studies. Therefore, the authors suggested more robust studies to provide more 
clarification for the use of telerehabilitation in pwMS.  
Some of the research gaps in the telerehabilitation area that need addressing are: which kinds of 
telerehabilitation are more effective regarding increasing physical activity in those living with long-
term conditions, such as MS? What is the best setting to deliver these interventions? How cost-
effective are they? What is the effectiveness of combining various tele-methods compared to face-to-
face methods? Whilst this thesis cannot address all these research gaps, I did seek to explore the use 
of telerehabilitation to increase engagement of pwMS living rurally in physical activity. 
The overall aim of this thesis was to evaluate a sequential combination of two physiotherapy 
interventions (described in detail in chapter 4) delivered via telerehabilitation to pwMS living rurally 
to increase their long-term engagement in physical activity. This combined intervention could be 
considered a complex intervention. The next section describes briefly the steps required when 
developing and evaluating a complex intervention. 
2.5 Complex Interventions 
Based on the Medical Research Council (MRC) of United Kingdom the Complex interventions can be 
described as “interventions that contain several interacting components”(173). This complexity can 
have different dimensions such as range of outcomes, number of variables within a study, and various 
elements of an intervention package. There is no definite boundary line to separate simple and 
complex interventions from each other, but the following points may be helpful to give a better 
description of complexity: 
 If various interactions exist between the component of the experimental or control groups 
 If different behaviours or complex behaviours were needed by those who delivered or who 
received the services  
 If the intervention was designed for various levels of one organisation or different 
experimental groups. 




2.5.1 How does a complex intervention develop? 
The developing of a complex intervention has several steps as listed below: 
1. Evidence based Identification; the first step is the identification of existing documents and 
evidence. Based on MRC guidelines the systematic review can be the best method for 
identification, classification and synthesis of the documents and evidence (174).  
2. Develop an appropriate theory model; the second step would be identifying an appropriate 
theory model or framework to justify the intervention results and its interactions with the 
participants(175).    
3. Outcomes and process modelling; prior to a full power RCT or full-scale evaluation, testing a 
smaller model of the intervention can be useful to identify the practicability of the 
intervention, and economic evaluation of the intervention. Also, design weaknesses of 
intervention may be tested (173).  
4. Piloting the feasibility of methods; this stage would test the intervention procedures to show 
acceptability, estimation and calculation of recruitment strategies, attrition rate and an 
appropriate sample size for future full power RCTs. Also, unexpected issues such as 
unacceptability, small or null effect size, recruitment problems, and intervention delivery 
method challenges may be uncovered (176).   
Following the guidelines outlined by the MRC when developing a complex intervention, the following 
steps were used in this thesis to develop and evaluate the combined telerehabilitation intervention. 
A literature review and then a systematic review was conducted to review the documents and existing 
evidence. The review focus was on documents that studied physical activity improvement with the 
help of BCIs. Then, to create a theoretical framework, both contributed interventions in this thesis, 
WBP and BP, were mapped. The mapping helped me to have a better understanding of both 
interventions’ ingredients and breaks in terms of BCIs. According to MRC, my next step was a POC 
study in which the combination of WBP and BP as a new approach was tested. In this stage, the 
practicability of the procedure, the tools suitability, and outcome measures usefulness were tested. 
To follow the MRC fourth step, a feasibility study was conducted to assess whether or not the 
combination of the two aforementioned interventions is feasible and acceptable. Also, researched 
were the outcome measures, recruitment strategies, and participants’ perceptions about the 
combination of the interventions. 
2.6 Summary of Chapter 
This chapter has shown that MS is a long-term condition that presents with a wide range of signs and 
symptoms, which can give rise to progressive disability and health-related problems. Research has 
demonstrated that participation in physical activity and exercise can be useful in managing the signs 
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and symptoms of MS and in improving general health. Despite this evidence, studies have shown 
pwMS are less physical active than the general population and that it is difficult for them to engage in 
physical activity or exercise programmes. BCIs may be helpful to encourage pwMS to be more engaged 
in physical activity. A further problem for pwMS is the challenge in maintaining engagement in physical 
activity long term due to issues such as transportation, cost, and physical access, especially for those 
living in rural settings. Telerehabilitation maybe a suitable delivery mode for BCIs to assist pwMS living 
rurally to engage in physical activity. Such an intervention could be considered a complex intervention, 
and there are well-described steps that need to be taken when developing and evaluating such a 
complex intervention. The first step is to systematically review currently used interventions. The next 
chapter details a systematic review that was undertaken primarily to review the effectiveness of BCIs 























Chapter Three: The effectiveness of behaviour change interventions 
to increase physical activity participation in people with multiple 




In this systematic review, I wished to explore the effectiveness of currently reported BCIs on physical 
activity in pwMS and to critically review the characteristics of BCIs that have been developed and the 
methods used to evaluate them. Features of particular interest were the duration of intervention, 
mode of delivery, types of BCIs utilised, and outcome measurement tools used. Hence, this systematic 
review was undertaken to determine the effects BCIs have on improving physical activity participation 
levels and perceived physical function in pwMS and to critically report on the characteristics of the 
BCIs and methods of their evaluation. 
For this review, BCIs were defined as any psychology-based interventions (used alone or in 
combination with other interventions, such as exercise therapy) aimed directly or indirectly, at 
behaviour change with regards to the level of physical activity participation or change in perceived 
physical function (177). The taxonomy of BCIs compiled by Michie et al. (155, 156, 178) was used to 
assist in identifying suitable interventions for inclusion. 
Specifically, the systematic review aimed to answer the following questions: 
1. Do BCIs increase physical activity duration, intensity, and participation in people with MS? 
2. Do BCIs lead to improved physical function as measured by the physical components of quality of 
life and fatigue in pwMS? 
3. What are the characteristics of the BCIs included in the review? 
4. How were the BCIs evaluated? 
3.2 Methods   
The researcher included studies if they were RCTs or Controlled Clinical Trials (CCTs), published in the 
English language, and involved participants with any MS (RRMS, PPMS and SPMS). Studies were not 
excluded based on factors such as severity of disease, EDSS score (179, 180), sex, age or geographic 
region. Studies that compared two or more neurological conditions or included pwMS as part of a 
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larger cohort of mixed conditions were only included if specific data about the participants who could 
be extracted. The protocol of the study was previously published in PROSPERO website (181). 
Studies investigating the efficacy of BCIs as a component of a broader programme or as a standalone 
intervention were included. In addition, due to the close association of physical function with fatigue 
in pwMS (14, 182-184), all BCIs that were targeted towards reducing fatigue, such as energy 
conserving methods, energy management, and fatigue management programmes were included (185-
188). All delivery methods of BCIs were included, for example, face to face methods or use of 
telecommunication devices. The outcome measures of interest had to measure level of physical 
activity participation, such as intensity, duration, and frequency. It also, included the following: data 
collected from instruments measuring physical activity, such as an accelerometer, a pedometer, or a 
Global Positioning System, or physical activity questionnaires (116, 126, 189), such as, the Godin 
leisure-time Exercise Questionnaire (GLTEQ) (190), 7-Day physical activity recall (7dPAR)(191), Physical 
Activity Scale for Person with Physical Disability (PASIPD) (192), Health-Promoting Lifestyle Profile II 
(HPLP II)(193), International Physical Activity Questionnaire (IPAQ)(194) or a daily diary in which 
participants recorded their physical activity participation. 
Studies had to include questionnaires measuring quality of life, impact of MS on life, or fatigue that 
incorporated questions relating to physical function and which reported a physical function score, 
such as, the Short-form 36(SF-36)(195), MS Quality of Life 54(MSQOL-54)(196), MS Impact Scale 29 
(MSIS-29)(197), Fatigue Impact Scale (FIS)(198) or Modified Fatigue Impact Scale (MFIS)(199). 
A systematic search strategy was developed to locate studies relevant to three key subject areas of 
the research question: Interventions (BCIs), outcomes (physical activity participation) and population 
(MS). A combination of keywords such as ‘behaviour change interventions’, ‘behaviour change 
techniques’, ‘cognitive behavioural therapy’, ‘coaching’, ‘self-efficacy’, ‘ physical activity’ , ’physical 
fitness’, ‘locomotor’, ’health behaviour’, ‘quality of life’,  ‘fatigue’ and ‘multiple sclerosis’ were used 
for this purpose. The Boolean operators “AND” and “OR” were used to combine the research terms 
within and between each of the three subjects respectively (Appendix 1). 
The systematic search strategy was conducted independently on one day by the doctoral student (BS) 
and a research assistant (KKS). Articles obtained by the systematic search were exported and saved 
into reference management software (EndNote X7; Thomson Corporation), and duplicates were 
removed. Titles of the retrieved articles were screened for relevance according to the inclusion 
criteria. If a decision could not be made based on the title of the article, the abstract of that article 
was screened. Both reviewers then screened the full text of those articles included by abstract to 
identify all of the relevant data and make a decision regarding final inclusion (see Figure3-1 for details). 
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The same two researchers (BS, KKS) independently reviewed the retrieved studies for inclusion and 
solved any disagreement by discussion, or referred to a third researcher, one of the doctoral student’s 
supervisors (LH). 
The following electronic databases were searched from inception date to 30/4/2015: MEDLINE, 
CINAHL, PubMed, Web of Sciences, Cochrane Library, SCOPUS, EMBASE and PEDro. Additional 
searches were undertaken through various clinical trial registries such as the Australia New Zealand 
Clinical Trial Register (ANZCTR) or International Clinical Trials Registry Platform from the World Health 
Organization. Further searches were conducted to find potential gray literature, for instance, Otago 
University Research Archive (OUR Archive), List Gray Literature Producing Organizations from the New 
York Academy of Medicine, Gray Source Index, and Google Scholar. Furthermore, the references to all 
the included articles were manually searched to find potentially relevant articles. 
The Cochrane Collaboration's recommended methods assessed the risk of bias in each of the included 
studies by Fransen and Higgins et al.(200, 201). These methods include seven criteria that can be used 
to assess the risk of bias in a randomised controlled trial including allocation, blinding and attrition 
reporting. Each study’s potential source of bias was assessed as high, low or unclear and reported 
together with a justification for the reviewer’s judgment in a “Risk of bias” Table (Table 3-1). 
The overall quality of a study was reported as having a low risk of bias overall if it was rated “low risk 
of bias” for all key domains (see Table3-1). Moreover, one unclear or high risk of bias in one key 
domain was rated as an “unclear” or “high risk of bias” study (201). Due to the difficulty of blinding 
participants and personnel in non-pharmacological interventions, such as health BCIs (202-204), 
attempting to blind outcome assessor was accepted as a low risk of bias in the blinding domain (204). 
First (BS) and second reviewer (KKS) assessed the risk of bias for each included study independently 
and then compared with each other. A third reviewer, the doctoral student’s other supervisor (CS) 
was consulted when the first and second reviewer could not agree.  
One reviewer (BS) extracted data from included studies and the second reviewer (KKS) checked the 
accuracy of the data extraction. The following data were extracted from each included trial: 
 Study aim 
 Study population (including number of participants, age, sex, diagnosis and duration of 
disorder as well as MS types, level of disability, e.g. EDSS scores) 
 Details of interventions (type, including the time and number of sessions, delivery methods of 
intervention and control group intervention) 
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 The BCIs (based on Michie et al. taxonomy (155, 156)) which were used in each intervention 
 Outcome measures (including physical activity measures as described above, or physical 
components of quality of life and fatigue questionnaires) 
 Study findings (including short-term and long-term follow-up)  
 Data relating to adverse effects, e.g. pain, fatigue 
The standardised main difference (SMD) as a unit-less measure was used to pool data and measure 
effect size (204). To avoid small study effects, the random-effects model was used to combine 
outcomes, as this model provides a more relevant estimate of the intervention than the fixed-effect 
estimate model (205). In addition, to assess the heterogeneity of the meta-analysis results, the 𝐼2 
statistic was calculated using REVMAN 5.3 software. This statistic describes the percentage of 
variability in the effect estimates that is due to heterogeneity rather than chance; 30% to 60% shows 
moderate heterogeneity while greater than 60% represents substantial heterogeneity (205, 206). 
Meta-analyses were conducted for all included studies and also for only those rated of low risk or 
unclear risk of bias. 
3.3 Results   
Twenty-three articles reporting on 19 studies were included in the review (see Figure 1). It means, 
four studies had two reports with different analysis methods (secondary analysis).   
Of the 19 studies, two studies were CCTS (188, 204) and 17 were RCTs (40, 86, 87, 185, 187, 207-218) 
with four studies reported each by two articles (87, 185, 187, 218). Three studies used a crossover 
design (185, 187, 188). Geographical location of included studies were the United States (12 studies) 
(40, 86, 87, 185, 187, 188, 207, 213-215, 217, 218), the United Kingdom (5 studies) (208-212), Australia 
(one study) (204) and the Netherlands (one study) (216). 
The interventions could be categorised into two groups: 1) BCIs only (40, 86, 185, 187, 188, 207, 210-
214, 217, 218); and 2) combined exercise and BCIs (87, 204, 208, 209, 215, 216). 
Four types of intervention delivery methods were identified: (1) face to face delivery (185, 188, 210-
212, 216), (2) telecommunication technology methods, such as, internet, telephone or text messages 
(40, 86, 187, 213, 214), (3) other methods, such as, written materials or home based interventions 
performed without supervision (87), and (4) a combination of delivery methods (204, 207-209, 215, 
217, 218). The duration of intervention ranged from 5 to 52 weeks (see Table 2). One study had a 52-
week intervention (204), three studies had an intervention duration of 20 to 26 weeks (40, 214, 217) 
and 15 studies had an intervention duration of 5 to 12 (86, 87, 185, 187, 188, 207-213, 215, 216, 218). 
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Eight studies only measured outcome at baseline and end of intervention (40, 204, 207, 210, 213-215, 
218), whilst 11 studies reported a follow-up assessment ranging from 1.5 to 3 months (86, 87, 185, 
188, 209, 211, 212, 216) and 3 to 6 months (187, 208, 217) after the end of the intervention. 
 
Figure 3-1: Flowchart of screened, excluded and included studies 
 
 
Details of the interventions are listed in Table (3-2). Fifteen studies had a waiting list control group as 
their comparator (40, 86, 87, 185, 187, 188, 204, 207, 210-214, 217, 218), two studies used “usual 
care” without any more explanation for their control groups (208, 209) and two studies compared 
their intervention with another intervention that contained some components of BCIs (215, 216). Eight 
studies used group interventions (185, 187, 188, 210-212, 215, 217) whereas 11 studies used 
individually-based interventions (40, 86, 87, 204, 207-209, 213, 214, 216, 218). 
Table (3-3) displays the techniques based on the Michie taxonomy 2013 version (155, 156, 178) that 
were used in the interventions. In this regard, all the studies were reread line by line and were 
highlighted all the descriptions about behavioural interventions that they used. Then with the 
utilisation of the taxonomy, all their groups and related BCIs were extracted as can be seen in Table 3. 
Eight groups of BCIs with 14 different techniques were used in the studies that aimed to increase the 
physical activity in people with MS regardless of their qualities. The “Goal-setting (behaviour)” and 
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“Instruction on how to perform the behaviour” techniques were the most common interventions that 
almost all of studies used. “Problem-solving,” “Feedback on behaviour,” “Self-monitoring of 
behaviour,” “Social support (practical),” “Behaviour substitution” were the techniques with medium 
prevalence (see the Table 3-3). 
3.4 Participant characteristics  
Table 3-2 presents participant characteristics. A total of 1491 participants (78% female, 22% male) 
were included in the review. Two studies included only female participants (87, 217). The mean 
[Standard Deviation(SD)] age of participants was 47.53 (8.41) years (range: 18 to 76 years) and the 
mean (SD) time since diagnosis of MS was 10.30 (8.12) years (range: 1 to 37 years); two studies did 
not report time since diagnosis (215, 218). 
One study did not report the type of MS (215). Five studies restricted inclusion to participants with 
RRMS (86, 87, 188, 209, 213). Overall 63% of participants had RRMS, 16% had SPMS, 7% PPMS, and 
14% had an unknown type of MS. The disability status of participants was primarily mild to moderate 
(EDSS<7). One study (204) recruited people with severe disability (EDSS ≤ 9.5) and five studies did not 
sufficiently report the severity of disability (87, 185, 211, 215, 217). 
3.5 Risk of bias results 
Table (3-1) shows the risk of bias results. Four studies were categorised overall as having a low risk of 
bias (207, 210, 216, 218) and two of unclear risk of bias (209, 212). The other studies were deemed to 
be of moderate to high risk of bias (40, 86, 87, 185, 187, 188, 204, 208, 211, 213-215, 217). 
Randomisation procedures were described in 17 studies, 11 studies used computer-generated 
random sequences. A random numbers table was used by two studies, and other methods such as 
opaque envelopes or coin toss were utilised in the rest of the studies (40, 86, 87, 185, 187, 188, 204, 
207-212, 214, 216, 217, 219). The randomisation method used in two studies was unclear (213, 215). 
Allocation concealment was reported adequately in ten studies (87, 187, 188, 207, 209-212, 216, 219), 
two studies did not report and were thus considered at high risk of bias for this domain (204, 213). For 
seven studies the procedures used were unclear (40, 86, 185, 208, 214, 215, 217). 
All studies were unable to blind participants. Eight studies reported blinding of the assessors (204, 
207, 210-212, 215, 216, 219), three studies were unclear about assessor blinding (208, 209, 214) and 
in eight studies the assessors were not blinded (40, 86, 87, 185, 187, 188, 213, 217). 
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Most studies had minimal attrition, but three studies had high attrition because of more than 10% 
dropout: 6 out of 28 (21%) (209), 6 out of 54 (11%) (213), and 8 out of 42 (19%)(215). Only four studies 
stated that their protocols were registered in a clinical trial registry (204, 208, 212, 216). 
Other potential sources of bias were found in one study because of an imbalanced allocation of MS 
types to case and control groups. Several participants with RRMS were also taking DMDs which could 
have accounted for the difference between groups. (208) (See Table 3-1) 
3.6 Effectiveness of interventions on levels of physical activity participation 
Figure (3-2) shows the results of the meta-analysis of the 11 studies that reported on the effectiveness 
of BCIs to increase duration of physical activity participation (n=740) (40, 86, 87, 208-210, 213-215, 
217, 218). Ten studies used the GLTEQ, HPLP II, IPAQ, 7dPAR or an accelerometer (40, 86, 87, 209, 
210, 213-215, 217, 218), one of which used GLTEQ and accelerometer (214). This enabled pooling of 
results and demonstrated a significant improvement immediately following the intervention (Z= 7.79, 
p<0.001, SMD 0.64, 95% CI 0.43 to 0.85, 10 trials) and at 3-month follow-up (Z=5.02, p<0.001, SMD 
0.72, 95% CI 0.44 to 1.00, 4 trials) (86, 87, 209, 217).  
Subgroup analysis for the tele delivery of BCIs showed a significant effect for such interventions 
(Z=5.97, p<0.001, SMD 0.60, 95% CI 0.34 to 0.86, 6 trials) (40, 86, 213, 214, 218). All these analyses 
showed no heterogeneity (𝐼2 = 0 %). Face to face methods significantly improved physical activity 
(Z=2.55, p=0.01, SMD 0.70, CI 95% -0.01 to 1.40, 3 trials), however with a large heterogeneity (𝐼2= 
64%)(209, 210, 217). Meta-analysis in terms of duration of interventions demonstrated significant 
changes in interventions of 5 weeks to 3 months (86, 87, 209, 210, 213, 218) and more than 3 months 
duration (40, 214, 217) (Z=4.90, p<0.001, SMD 0.69, 95% CI 0.33 to 1.06, 6 trials; Z= 5.24, p<0.001, 
SMD 0.59, 95% CI 0.30 to 0.87, 4 trials, respectively). Heterogeneity for these analyses was minimal 
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Figure 3-2: Effectiveness of BCIs on physical activity forest plot 
 
 
The results of a sub-analysis of those studies rated as of low or unclear risk of bias that reported 
duration of physical activity showed significant improvements even though these studies (209, 210, 
218) all had interventions of only 8 to 12 weeks duration (Z=2.20, p=0.03, SMD 0.65, 95% CI 0.07 to 
1.22, 3 trials) (𝐼2 = 68%) (209, 210, 218) (Figure 3-3). 
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Figure 3-3: Effectiveness of BCIs on physical activity forest plot (High-quality studies) 
 
 
3.7 Effectiveness of interventions on the physical components of quality of life  
Figure (3-4) presents the results of the analysis for the physical components of quality of life 
questionnaire data extractable from 11 studies (one study used two types of tools), with six studies 
using the MSIS-29 (86, 204, 211, 212, 214, 216), two studies using the MSQOL-54 (208, 209) and four 
using the SF-36 (207, 210, 211, 215). Meta-analysis showed no significant changes in the physical sub-
components of these questionnaires immediately after intervention (Z=0.35, p=0.73, SMD 0.04, 95% 
CI -0.25 to 0.33, 8 trials) (86, 204, 208, 209, 211, 212, 214, 216) or at 3-month follow-up (Z=0.15, 
p=0.88, SMD 0.02, 95% CI -0.21 to 0.24, 6 trials)(86, 208, 209, 211, 212, 216), with low or nil 












The synthesis of the three trials with low or unclear risk of bias that reported physical components of 
quality of life (209, 212, 216) illustrated no significant changes immediately following the intervention 
or after three months, with no heterogeneity (𝐼2 = 0%) (Figure 3-3). 
3.8 Effectiveness of interventions on physical component of fatigue questionnaires 
Figure (3-5) shows the results of analysis of eight studies reporting on the physical component of 
fatigue questionnaires. Five studies (188, 208, 212, 214, 216) used the physical sub-component of the 
MFIS or FIS as their measure of fatigue. Meta-analysis of their data showed no significant changes 
(Z=1.71, p=0.09, SMD -0.40, 95% CI -0.99 to 0.20). However, a moderate to high heterogeneity was 
detected in the synthesis (𝐼2= 68%). Analysis of the 3-months follow-up results demonstrated no 
effectiveness in this respect with no heterogeneity (𝐼2= 0%)  (Z=1.09, p= 0.27, SMD -0.17, 95% CI -0.48 
to 0.14, 3 trials)(208, 212, 216). No synthesis of the low risk of bias studies were held as result of the 
lack of enough data in this respect. 
 











3.9 The effectiveness of types of BCI on physical activity improvement in pwMS 
The BCI mapping of those studies that were included in section 3.6 against Michie’s taxonomy revealed 
that eight different groups of BCIs were utilised: “Goals and planning,” “Social support,” “Shaping 
knowledge,” “Self-belief,” “Repetition and Substitution,” “Feedback and Monitoring,” “Natural 
consequences,” and “Comparison of behaviour”. These eight BCI groups comprised 14 different BCIs 
(“Goal-setting (behaviour)”, “Problem-solving”, “Action planning”, “Feedback on behaviour”, “Self-
monitoring of behaviour”, “Social support (practical)”, “Social support(unspecified)”, “Instruction on 
how to perform the behaviour”, “Information about health consequences”, “Information about 
others’ approval”, “Verbal persuasion about capability”,” Focus on past success”, “Behaviour 
substitution”, and “Graded tasks”). (See Table 3-3) 
Meta-analysis of the data in these nine studies showed a significant small-size effect with no 
heterogeneity on “Instruction on how to perform the behaviour” (Z = 7.90, P<0.00001, I²= 0%), “Goal 
setting” (Z = 7.79, P < 0.00001, I² = 0%) and “Behaviour substitution” (Z=6.90, P<0.00001, I²= 5%). Two 
less frequently used BCIs, “Graded tasks” and “Information about others approval”, illustrated small 
significant effect sizes (Z = 2.07, P = 0.04 and Z = 2.11, P = 0.03 respectively) with I² = 62% and I² = 25% 
heterogeneity respectively. (See Table 3-4) 
In the three studies deemed of high-quality, seven of the eight different groups of BCIs were found. 
Five of the BCI groups (“Goals and planning”, “Social support”, “Shaping knowledge”, “Self-belief”, and 
“Repetition and Substitution”) were used in at least two high-quality studies, therefore, conducting 
the meta-analysis was possible for these BCIs (205). “Information about health consequences” was 
used in only one study, so it was not possible to do any meta-analysis for this BCI. All three high-quality 
studies used “Goal-setting (behaviour)” technique as a part of their intervention and for this BCI the 
meta-analysis results were (Z = 2.20, P = 0.03, I² = 68%). “Problem-solving”, “Instruction on how to 
perform the behaviour”, “Verbal persuasion about capability”, “Focus on past success”, and 
“Behaviour substitution” showed a significant but heterogeneous result (Z = 2.41, P = 0.02, I² = 74%). 
“Social support (unspecified)” technique showed a small effect, however it was significant and 



































































































































Goal-setting (behaviour) * * * * * * * * * 9 
Problem-solving *   * * *  * * 6 
Action planning *      *   2 




Feedback on behaviour *   * * *  * * 6 
Self-monitoring of behaviour  *  * * * * *  6 
Social support 
 
Social support (practical)   * * * *  * * 6 
Social support(unspecified) * *        2 
Shaping knowledge 
 
Instruction on how to perform 
the behaviour 
*  * * * * * * * 8 
Natural consequences Information about health 
consequences 




Information about others 
approval 




Verbal persuasion about 
capability 
*  *       2 
Focus on past success *  *       2 
Repetition and  
Substitution 
 
Behaviour substitution *  * * * *  *  6 
Graded tasks  * *    *   3 
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Goal-setting (behaviour) 9 (3) Z = 7.79  (P < 0.00001)  
I² = 0% 
Z = 2.20  (P = 0.03)  
I² = 68% 
Problem-solving 6 (1) Z = 6.75 (P < 0.00001) 
I² = 0% 
N/A 
Action planning 2 (1) Z = 2.87  (P = 0.004) 
I² = 0% 
N/A 




Feedback on behaviour 6 (1) Z = 6.59 (P < 0.00001) 
I² = 0% 
N/A 
Self-monitoring of behaviour 6 (1) Z = 6.03  (P < 0.00001) 




Social support (practical) 6 (1) Z = 7.41 (P < 0.00001) 
I² = 0% 
N/A 
Social support (unspecified) 2 (2) N/A Z = 2.25  (P = 0.02) 
I² = 0% 
Shaping knowledge 
 




Z = 7.90  (P < 0.00001) 
I² = 0% 
Z = 2.41  (P = 0.02)  
I² = 74% 
Natural 
consequences 
Information about health 
consequences 




Information about others 
approval 
2 (0) Z = 2.11  (P = 0.03) 





Verbal persuasion about 
capability 
2 (2) N/A Z = 2.41  (P = 0.02)  
I² = 74% 
Focus on past success 2 (2) N/A Z = 2.41  (P = 0.02)  
I² = 74% 
Repetition and  
Substitution 
 
Behaviour substitution 6 (2) Z = 6.90 (P < 0.00001)  
I² = 5% 
Z = 2.41  (P = 0.02)  
I² = 74% 
Graded tasks 3(2) Z = 2.07 (P = 0.04) 
I² = 62% 
Z= 1.26 (P<0.21) 
I² = 80% 
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This review found that BCIs can significantly increase physical activity participation (duration, 
intensity, or frequency), as measured by instrumental methods and physical activity questionnaires, 
in pwMS post-intervention and this improvement is maintained at follow-up of 1.5 to 3 months. The 
meta-analysis revealed a significant and large effect size for this finding; however, the risk of bias was 
found to be high for many of these studies. For three studies (8 to 12 weeks duration), assessment of 
bias was found to be low or unclear (209, 210, 218). This gives some indication that it might be possible 
to achieve positive results with a shorter duration of intervention which is perhaps counter-intuitive 
to most expectations. Although sub-analysis of delivery method and intervention duration also found 
a large and significant change for this outcome, limiting this analysis to studies rated of low risk of 
bias, only upheld the significant effect post-intervention for interventions of 8 to 12 weeks’ duration. 
Although an increase in physical activity levels occurred post-intervention, improvement decreased 
with time in the four studies that included follow-up. This pattern has been previously reported for 
other long-term conditions and in healthy adults (220), but not previously for pwMS. Adams et al. (76) 
in a systematic review reported that BCIs based on the TTM increased levels of physical activity 
participation short-term in people with cardiovascular disease and healthy participants but lacked 
strong evidence for long-term effects. In healthy adults, two systemic reviews have demonstrated 
evidence for the effectiveness of any kind of BCIs with different delivery methods in increasing of 
physical activity participation levels but did not report on maintenance of effect at follow-up (221, 
222). Hobbs et al., however, showed a positive effect of BCIs on physical activity in older adults for up 
to 12 months post-intervention (223). 
The lack of evidence in this review for people with MS sustaining physical activity levels long-term 
after receiving BCIs may be due to the following reasons: the short intervention duration, type of 
intervention, delivery method, and the fluctuating nature of MS. According to the TTM(224), in 
changing behaviour people pass through stages which may each take time and a short duration 
intervention may not allow sufficient time for a person to move from the first stages of pre-
contemplation, contemplation, and preparation to the stage of action and maintenance. 
The evidence suggested in this review for the telecommunication methods of delivery in increasing 
physical activity levels is similar to that reported by Webb et al. (225) for people without long-term 
conditions. Webb found no significant data about the intervention duration in studies that used 
different BCI telecommunication delivery methods in increasing physical activity participation levels 
in adults. In this review, sub-analysis of three studies with low risk of bias showed small but significant 
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effectiveness on physical activity levels of face to face delivery of BCIs for 8 to 12 weeks. However, a 
large heterogeneity reduced the strength of this finding (𝐼2= 68%). 
This review found that BCIs are not effective in improving the physical sub-components of the quality 
of life questionnaires in pwMS either post-intervention or at three months follow-up. The moderate 
heterogeneity (𝐼2= 30%) of the analysis of this may be due to the variety of type and duration of 
interventions and outcome measures used in the analysed studies. In addition, combinations of 
different types of MS and of disability status may have added to this discrepancy. In line with this 
systematic review, Bize et al. (7) reported that although cross-sectional studies have shown a positive 
relationship between physical activity and quality of life, the RCTs that promote physical activity in 
healthy adults may not provide enough evidence in this respect. 
In relation to the physical component of fatigue questionnaires, no significant effectiveness of BCIs on 
this outcome was demonstrated, and the studies included in the analysis showed a great deal of 
heterogeneity (𝐼2= 68%). It appeared that using BCIs alone was more successful in reducing ‘physical’ 
fatigue than combining BCIs with physical exercises, however, the evidence for this was limited. Pilutti 
et al. (79) and Neill et al. (226) in their systematic reviews showed that BCIs were as efficient as 
physical exercises (such as aerobic exercise) in decreasing fatigue. This discrepancy in review findings 
may be because the latter reviews included all components of included fatigue questionnaires and not 
just the physical component as in our systematic review. The physical component of fatigue may 
respond differently to BCIs than the total fatigue scale. Indeed Mills et al. (119) suggested that the 
MFIS total score may not be valid for measuring fatigue in MS and that each sub-component score 
may be better considered separately. 
In the current research, a positive significant small effect size with homogeneity was found in the 
effectiveness of all intervention groups on pwMS physical activity except “Natural consequences” and 
“Self-belief,” however, this does not mean that all the techniques in each cluster have the same result. 
Furthermore, although some meta-analysis was conducted regarding high-quality studies, due to two 
different reasons the result was not considered as robust evidence. First of all, none of the meta-
analysis included more than two studies. Technically, it is possible to conduct meta-analysis with two 
studies. However, the generalisation of the results may be challenged (205, 227). Secondly, the results 
illustrated a high heterogeneity which is another weakness of this meta-analysis. The effectiveness of 
“Goal setting,” “Problem-solving,” two techniques from “Feedback and monitoring “group, “Social 
support” group and “Repetition and substitution” group were consistent with the other review that 
was conducted earlier. Williams showed the same pattern of the effectiveness of BCIs to improve 
physical activity. However, the studies that they included had a general population whereas the 
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current study focused on MS. Keeping all these factors in mind, more research is warranted with more 
focus on the BCI groups and techniques.  
This review is limited in its generalisability in that the included studies mainly represented people with 
the RRMS and those with PPMS were not well represented. That said, there are no studies that report 
the effectiveness of BCIs on individual types of MS except that of the relapsing-remitting type. 
Similarly, most studies in the present review only included participants with mild to moderate levels 
of disability severity and data on sub-grouping of the population regarding the severity of disability 
was rare. Further, most studies only investigated the short-term effects of BCIs. For instance, almost 
all interventions were provided for less than three months and most did not conduct medium- or long-
term follow-up evaluations. The other major limitation of this review was the review of only studies 
published in English. While the taxonomy constructed by Michie et al. (2011 and 2013) helped to 
identify studies that were suitable for inclusion in this review; it is possible that due to the diversity of 
BCIs, studies were missed that might have been appropriate. 
In contrast, using meta-analysis, searching of eight different databases to finding relevant articles and 
adherence to PRISMA guidelines for conducting and reporting the systematic review may be the 
strengths of this thesis. 
3.11 Conclusion: 
This review found that behaviour change interventions may, in the short term, increase the amount 
of physical activity people with MS engage in. Although, interventions provided for 3 months or less 
significantly improved physical activity participation post-intervention and these improvements were 
maintained for 3-month follow-up, sub-analysis of only those studies with a low risk of bias limited 
the strength of these findings. No low risk of bias studies were found that investigated longer 
intervention durations. No evidence that behaviour change interventions impact on the physical 
components of quality of life or fatigue questionnaires was found. This review’s findings suggest that 
more research on the dose and long-term impact of behaviour change interventions, as well as type 
of delivery, to increase physical activity engagement in people with MS is warranted. 
The findings of this systematic review were informative to design the intended intervention 
(combining WBP and BP) in two ways: 
1. Results of this systematic review indicate that BCIs may increase the amount of physical 
activity pwMS engage in. Both WBP and BP include BCIs, however these BCIs still need to be 
mapped and identified. 
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2. The lack of strong evidence from high-quality studies limited the generalisation of the result 
of the effectiveness of internet based or telerehabilitation interventions, necessitating further 
research to better understand these delivery modes with regards to BCIs.  
These findings led to the following questions: 
 What are the BCIs ingredients of the WBP and BP intervention (BCIs Mapping)? 
 Why may the combination of these two interventions be beneficial? 
 Which duration is the most appropriate for the combined delivery of these interventions? 
Chapter Four addresses the above-stated questions. Firstly, the two interventions are described and 
defined precisely. Then based on Michie’s taxonomy, the ingredients BCIs are mapped. Finally, an 
































Delivery Method ( intervention type) 
Physical 
Activity              
(* = SIGN) 
QOL 
Physical 
component           
(* = SIGN) 






Face to face methods Tele methods Other methods 
Bombardier 
(2008)(207) 
130 (72) 1 session of 90 minutes in clinic 
(individual, BCI) 
5 sessions of 30 minutes via 
telephone (BCI) 
Some written subjects plus 
some video or CD about 
exercise  
N/A SF-36 MFIS* Low 12 
Bombardier 
(2013)(218) 
92(73) 2 sessions of 40 - 60 minutes in 
clinic (individual, BCI) 
7 sessions of 30 minutes via 
telephone (BCI) 
Some written subjects plus 
some video or CD about 
exercise 
PAR7d* N/A N/A Low 12 
Carter    
(2013) (209) 
28(100) 20 sessions of 60 minutes in clinic 
(individual, ET, BCI) 




N/A unclear 10 
Carter   
(2014)(208) 
120(82) 18 sessions of 60 minutes in clinic 
(individual, ET+ BCI) 






MFIS* High 12 
Dlugonski 
(2012)(86) 
45(100) 1 welcome session in clinic (BCI) 7 sessions of 10 minutes video 
coaching + web based material + 
email alerts (individual, BCI)  
pedometer GLTEQ* MSIS-29 N/A High 12 
Forman  
(2010)(211) 
40(68) 6 session of 120 minutes in clinic  
(individual, BCI)   
N/A N/A N/A  MSIS-29,  
SF-36  
N/A  High 12 
Ennis  
(2006)(210) 
62(48) 8 session of 180 minutes in clinic  
(group, BCI) 
N/A N/A HPLP II * SF-36* N/A Low 8 
Finlayson 
(2011)(187) 
181(52) N/A 6 sessions of 70 minutes, 
teleconference (group, BCI)  
N/A N/A SF-36 FIS* High 6 
Hugos 
(2010)(188)  
30(100) 6 sessions of 120 minutes in clinic 
(group therapy, BCI) 
N/A N/A N/A N/A MFIS* High 6 
Jalon  
(2013)(212) 
23(22) 5 sessions of 120 minutes in clinic 
(group therapy, BCI) 





101(31) 18 sessions of 90 minutes in clinic 
up to 6 weeks (individual, ET + BCI) 
N/A Home based (exercise therapy 
without supervision) 
N/A MSIS-29 N/A Low 52 
Mathiowetz 
(2005)(185) 
169(62) 6 sessions of 120 minutes 
(group therapy, BCI) 
N/A N/A N/A SF-36 FIS* High 6 
Motl  
(2011)(213) 
54(100) N/A Web based without any direct 
contact with pwMS + pdf + video 
(individual, BCI) 
N/A GLTEQ* N/A N/A High 12 
Pilutti  
(2014)(214) 
82(79) N/A 15 sessions  video coaching + web 
contents, pdf and videos (individual, 
BCI)+  
pedometer GLTEQ* , 
AC 
MSIS-29 MFIS* High 24 
Plow  
(2009)(215) 
38(?) 7 sessions each 120 minutes for 
GWI (group therapy BCI), 4 sessions 
physiotherapy for IRP 
2 reminder telephone calls for GWI 
and 3 for IRP 
N/A HPLP II SF-36* N/A High 8 
Plow 
 (2014)(87) 
30(100) 2 introduction sessions (individual, 
BCI+ET) 
N/A Educational pamphlet every 3 
weeks with home-based 
exercise therapy 
GLTEQ* N/A N/A High 12 
Rietberg 
(2014)(216) 
48(58) Multidisciplinary rehabilitation, 12 
physiotherapy sessions each 90 
minute, a 60 minute OT session for 
fatigue management, a 60-minute 
social worker session for coping 
with MS (individual) 
N/A N/A N/A MSIS-29 MFIS Low 12 
Sandroff 
(2014)(40) 
76(79) N/A 15 sessions video coaching via Skype 
+ web contents, pdf and videos 
(individual, BCI) 
pedometer IPAQ* N/A N/A High 26 
Stuijbergen 
(2003)(217) 
113(55) 8 sessions of 90 minutes (group 
therapy) 
6 reminder and promotion 
telephone calls 
N/A HPLP II N/A N/A High 20 
 
FPC= fatigue physical component , (BCI = behaviour change intervention, ET= exercise therapy, RRMS = relapse remitting multiple sclerosis, QOL = quality of life, MFIS= modified fatigue 
impact scale, FIS = fatigue impact scale, MSQOL-54 = multiple sclerosis quality of life 54, SF-36 = short form 36, MSIS-29 = multiple sclerosis impact scale 29, GLTEQ = Godin leisure-time 
exercise questionnaire, 7d PAR = 7-Day physical activity recall, HPLP II = Health-Promoting Lifestyle Profile II, IPAQ =International Physical Activity Questionnaire, OT= occupational therapy, 





Chapter Four: Mapping the Behaviour Change Interventions within 




As discussed in previous chapters, BCIs may be used to help pwMS engage more in physical 
activity(228). As I discussed in chapter three, the systematic review showed several established 
physical activity programmes that included BCIs as a component. These programmes were developed 
inductively (based on participant opinions and experiences and desires). What these programmes 
have not done so far is to clearly delineate the type and purpose of BCI/BCIs being used. For example, 
Dlugonski (2012), Motl (2011), Pilutti (2014), and Sandroff (2014) using the telerehabilitation delivery 
method tried to increase the physical activity in pwMS. However, none of them apparently illustrated 
which BCIs they used (40, 86, 213, 214). There is no justification in the mentioned studies regarding 
the BCIs that they choose. Therefore, this lack of justification can be considered as a research gap. 
Furthermore, Pilutti did not use the Michie taxonomy to categorise the BCIs comprising their 
intervention. A better understanding of intervention components would help researchers to refine 
the development of these interventions and to identify outcome measures that are best suited to 
evaluate the intervention. The Michie taxonomy can be used to ‘map’ interventions retrospectively 
(41, 48, 229-233), other (as yet unpublished) studies are using the taxonomy to build an intervention 
from ‘the ground up’ (144, 154, 157, 234). 
As WBP and BP were likewise developed inductively (based on participant opinions and experiences 
and desires), in this chapter, I describe these two physical activity interventions and critique the 
studies that have developed and evaluated them to date. Of note here is that as these studies are pilot 
and feasibility studies, mostly focussed on objectives of acceptability, utility, and potential benefit, I 
have descriptively critiqued them as opposed to applying standardised quality appraisal tools. I then 
present a mapping exercise which identifies the BCI components of these two interventions. Lastly, I 
discuss and justify the reasons for combining WBP and BP interventions. 
4.2 What is WBP? 
The WBP programme was developed in 2012 by Dr Lorna Paul et al. at the University of Glasgow, 
Scotland by the Scottish Government foundation. This programme aimed to establish a rehabilitation 
delivery method (telerehabilitation) that would be accessible to more people with MS and the other 
long-term conditions. As my discussion in chapter two suggested telerehabilitation based 
interventions might be considered as a delivery method to tackle some barriers such as transportation, 
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WBP targetted people who were not easily able to access physiotherapy services, such as rurally-based 
individuals or those with transportation barriers, for example, housebound individuals living in urban 
areas, or those for whom the stress of getting to a therapy location surpasses the benefits gained (41). 
4.3 What does WBP website look like?  
WBP is accessed via a link: http://www.webbasedphysio.com that includes functions for 
physiotherapists to manage participants exercise plans. The physiotherapist is provided with a 
username and a private password to access the website. Then, they can add participants to a list. The 
name, email address and the start date of the participant are recorded in this list. After adding a 
participant, the physiotherapist develops an exercise programme based on consultation with the 
participant. Also, the physiotherapist can write notes for the participant in the programme 
instructions box. Exercises are chosen from a list and then instructions added for each particular 
exercise. The exercises consist of categories such as strengthening, aerobic, stretching, walking, and 
balance exercises. For each category, various types of exercise clips are provided and these were 
classified from very easy to hard. There is no limitation on the number of exercises that can be chosen. 
However, eight to 12 exercises are advised by the physiotherapist. After the physiotherapist has 
completed the steps above, an email is sent to the participant with a confirmation link and the 
participant is prompted to set up a password the first time they use the website(235). (Figure 4-1 to 














Figure 4-2: Participants’ diary and programme 
 
 






4.4 Critical review of WBP 
Since 2012, three studies have evaluated the feasibility and the effectiveness of this intervention. (41, 
229, 230). 
A pilot study (Paul 2014)(41) was conducted to evaluate the feasibility of using WBP with 30 pwMS 
with moderate disability (EDSS 5-6.5). It used a mixed method design with an RCT and a qualitative 
telephone interview. The intervention group used a website to follow allocated exercises based on a 
face-to-face evaluation session and participant goals. The website contained a homepage as well as 
exercise and advice sections. Each exercise page consisted of a video, a timer, an audio description of 
the exercise and an explanation of the exercise. There was a list of exercises; strengthening, balance, 
and cardiovascular exercises, with four levels of difficulty. There were also stretches and warm up and 
cool down exercises. Participants were advised to do the exercise program at least twice a week then 
complete the online diary which was controlled remotely by the physiotherapist. The physiotherapist 
connected with participants each week to update their exercise program, discuss progress and change 
their exercise combinations, level of difficulty or number of repetitions. The control group received 
their usual care which consisted of some general advice on exercise and guidance in the use of local 
exercise options. Walking distance was the primary outcome.  Balance, pwMS quality of life (MSIS-29), 
fatigue, depression, and anxiety were the secondary outcomes which were measured. Furthermore, 
qualitative telephone interviews were carried out with the intervention group. Findings suggested that 
twice-weekly home-based physiotherapy for 12 weeks had a small significant effect on the physical 
subscale of MSIS-29 (p=0.048). Moreover, participant interviews revealed that the website was easy 
to use, convenient, motivating and one which they would be happy to use in the future (41). According 
to Morse 2003 (236), the strength of the study was its design that used a mixed method RCT to 
evaluate the feasibility of a study. In contrast, the primary limitation was that it did not evaluate 
physical activity levels. As a consequence, they used the physical component of MSIS-29 as a physical 
activity indicator, however, based on the current thesis systematic review, the physical subscale of the 
quality of life questionnaires were not appropriate tools for physical activity measurement. According 
to Cutter et al. (237), the 25 ft. Walking test was mostly used for participants with EDSS less than five. 
This means, the walking measurement is not so appropriate to use for moderate to the severely 
disabled populations where their walking abilities are debatable. Furthermore, in the qualitative part 
of the study, according to Sale 2005 (238), peer debriefing, peer reviewing and more than one 
independent researcher to analyse the data can be utilised as methods in assessing the credibility, 
dependability, and transferability of qualitative studies. Therefore, because these methods were 
present in study report, the study is acceptable as a robust quality qualitative study. Furthermore, use 
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of the quotes and demographics to show a clearer picture of participant’s perception was another 
study strength.  
In 2014, a pilot mixed method study was conducted to investigate the effectiveness of WBP for people 
with Spinal Cord Injury (SCI), based on the same platform as the previous study (Coulter 2016) (230). 
Twenty-four participants were recruited in Glasgow, Scotland. The WBP website was utilised to 
provide individualised exercise programmes delivery. As with the other WBP studies, the website 
contained advice and education sections; the exercise, and exercise diary which was adapted for 
people with SCI. Participants undertook two 30-minute sessions per week for eight weeks. The 
participants diaries were checked remotely by the physiotherapist, and participants programmes were 
adopted, as appropriate. The primary outcome was the 6 min Walk Test (6MWT) or 6 Min Push Test 
(6MPT) for people with a problem with walking. Change in heart rate, the Borg scale, muscle strength 
test, the Hospital Anxiety and Depression Scale and the WHO Quality of Life Brief Scale were the 
secondary outcomes that were measured in this study. The results illustrated non-significant small 
within-group effect sizes for all measures. Qualitative results revealed that the participants reported 
no problems with the use of the computer and website. Also, based on a questionnaire that was used 
to ask the participants points of view about various aspects of intervention, they reported to be happy 
to receive the same web-based programme again in the future and rated it as good or excellent (230). 
The results of this study are not applicable to pwMS because the study population was SCI. Also, the 
small size population of the study may have limited the results because of the decrease in the power 
of statistical calculation. Another limitation was the heterogeneous sample size of the case and the 
control groups which may create some bias in relation to the allocation area.  In contrast, 
randomisation in the quantitative section created less selection bias. Also, in the qualitative part the 
use of peer debriefing, peer reviewing and more than one independent researcher to analyse and 
synthesise the results is a strength of the study.  
Ongoing research based on the website (www.webbasedphysio.com), is recruiting people with axial 
spondyloarthritis (Paul 2016) (229). Fifty participants will be recruited for 12 months. They will be 
asked to do five exercises sessions per week based on the physiotherapist’s evaluation and the 
participant's goals. The online exercise diaries will be completed by the participants after completing 
their programme. The programs can be develped, added to or removed based on the diaries which 
will be reviewed every two weeks remotely by the physiotherapist. Weekly phone calls will be received 
from the physiotherapist for the first two weeks. Participants will be allowed to contact the 
physiotherapist if they need further advice or revisions of their program. In three timelines (baseline, 
six and 12 months), their adherence to the exercise programme will be evaluated. As the second 
outcome; function, quality of life, disease activity, physical activity, work impairment, attitude to 
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exercise, six-minute walk, and the spinal mobility will be measured and reported(229). Although the 
platform is the same as the last studies, the duration of WBP is increased in this study compared with 
the previous ones. Also, for the first two weeks, weekly phone calls will be conducted by the 
physiotherapist with participants to check their progress and answer  any potential questions. Every 
second week, the diary of the participants will be checked by the physiotherapist, and the exercise 
programme may be changed if needed.  
In conclusion, from the perspective of participants, WBP shows potential as a physiotherapy delivery 
method for people with a long-term and chronic condition such as MS.  The studies that used WBP, 
using the appropriate methodology (randomise mix method, quantitative and qualitative) were able 
to give a better understanding of the overall intervention as described in chapter two in the complex 
intervention design section. Two of mentioned studies did not use the physical activity questionnaires, 
therefore, checking the physical activity was not possible. Therefore, it would be advantageous if some 
physical activity questionnaires or monitors  are used in future studies. In these two studies although 
there were two different populations, MS and SCI, the qualitative studies themes and subthemes were 
similar. This similarity raises the possibility of bias or neglect of other potential themes that reflect the 
differences between each of the two population groups. Using another synthesis method may be 
warranted, for example inductive thematic analysis (239). There are some strategies to decrease bias 
in qualitative research, such as;  1) use different people to collect data  2) ask participants to review 
the results, 3) triangulation, 4) check for alternative explanations, and  5) peer review. Inductive 
thematic analysis includes all theses strategies therefore can be considered a strong method for 
qualitative analysis (240).     
4.5 What is BP? 
Based on the emerging evidence of the benefits of exercise for pwMS, the School of Physiotherapy at 
the University of Otago developed a specialised exercise clinic for pwMS where an evidenced based 
approach to exercise prescription was applied. Dr Smith undertook qualitative research exploring the 
impact of exercise on fatigue on people attending this clinic. She identified that the factors that 
influenced the pwMS’s exercise participation in terms of fatigue are individual and could be classified 
as a) activity choice, b) the level of control that people have on their exercise engagement, and c) 
social support that people receive (232). These findings were supported by those of Dr Mulligan in 
another qualitative study which illustrated that functional impairment, cost and transportation and 
motivation could be considered as barriers to individuals living with long term neurological disability 
to be more physically active. In addition, choosing their preferred activities might facilitate the person 
to do more physical activity. Assumptions by physiotherapists about a lack in the safety levels of the 
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recreation facilities used by disabled people could sometimes cause discouragement and result in a 
decrease in the person’s long-term engagement in physical activity. In third study, Dr Hale (17) 
undertook stakeholder consultation of pwMS as to how physiotherapists could support them in 
exercise and was told that pwMS would like to be, and know the importance of being, physically active, 
but that they would like choice over what they do (exercise or physical activity) and the level (intensity, 
frequency, duration) that they wished to engage in. Given choice and control over their physical 
activity would motivate them to be engaged and to sustain their engagement. As result of these three 
studies, Blue Prescription was developed as a physiotherapy approach to enable pwMS to engage and 
maintain engagement in physical activity (46). BP takes into account that people vary in what they like 
or dislike to do and that pwMS specifically stated that they value the knowledgeable support of 
physiotherapists. The principles underpinning BP are; (i) participants choose what physical activity 
(which maybe exercise) they wish to engage in, (ii) they also control the level of engagement, and (iii) 
that the physiotherapist collaboratively supports and advices the person in a partnership relationship. 
BP was also developed bearing in mind the costs of face-to-face physiotherapists visits, so tried to 
keep these at a minimum. The programme’s name of Blue Prescription, is a modification of the name 
of another intervention, Green Prescription, use to assist people to engage in physical activity but 
supported by trained lay people, not physiotherapists. The “blue” in BP originating from the traditional 
colour of physiotherapy uniforms (19, 48, 228, 231, 233, 241).  
4.6 How does BP work? 
BP intervention has three sessions at the first meeting, the physiotherapist met the participants in 
their preferred venues (e.g. participant home). The participants were evaluated, and their goals were 
determined. Then with the help of a motivational interview technique, the physiotherapist 
encouraged participants to think about and choose an activity which they liked and felt that they could 
control as their physical activity engagement. Based on participants goals, evaluation and abilities, the 
physical activity can vary from participant to participant. For example, plane walking, jogging, 
swimming, tai chi, or a combination of a range of exercises can be identified as the appropriate 
physical activity. After two weeks another session is undertaken in participants places. The 
physiotherapists help the participants with goal setting and barrier identification. The last meeting is 
conducted in the 12th week and concerns problem-solving and barrier identification. All the 
participants could contact the physiotherapist via telephone, text message or email (19, 48, 232, 233). 
4.7 Critical review of BP 
Since 2012, four articles have been published on BP, three of which were from the same study, a mixed 
methods pre-post design feasibility study. One paper reported the quantitative results (Hale et al. 
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2013) (48), a second paper of the qualitative findings (Smith et al 2012) (232) and a third paper 
described the intervention in more detail (Mulligan et al. 2013) (231). A second single-subject design 
study was conducted in 2015 to evaluate the use of BP with people affected by stroke. 
Hale et al. in 2013 (48) published the quantitative results of a pre-post clinical design with a single 
group to investigate the short-term benefits and feasibility of BP. Twenty-seven (23 women and seven 
men) people with all types of MS were recruited among people with MS. The outcome measures were; 
a) quality of life that was measured by MSIS-29 and the European Quality of Life Scale (EQ-5D) b) self-
efficacy that was measured by the MS Self-efficacy Scale (MSSE) and c) an activity diary to measure 
self-reported physical activity. The results showed a small but significant positive change in the 
physical subscore (p=0.007) of MSIS-29. There was no significant change in the other outcome 
measures namely, the Psychological sub score of MSIS-29 (p=0.26), EQ-5D (p=0.71), visual analogue 
scale (VAS) (p=0.68), and MSSE (p=0.57). It was concluded that the intervention is feasible and may be 
beneficial to reduce the impact of MS on this population(48). A limitation was the lack of a control 
group. However, the pre-post single group study is an appropriate evaluation method to use in a 
feasibility study to evaluate acceptability and utility (242). Monitoring physical activity engagement 
with the help of self-report diaries is an acceptable method, although more subjective than the 
objective method of using electronic activity monitors (115, 116).  
Smith et al. in 2012 (232) reported the qualitative study findings. The BP participants perceptions of 
BP were gained via semi-structured in-depth interviews, and the General Inductive Approach was used 
to analyse the data. Three key themes were identified: ‘Motivation to participate,' ‘Support,' and 
‘Improving the BP approach.' The ‘Support’ theme has three different subthemes;‘the BP approach’, 
‘the therapeutic relationship’, and ‘supporting themselves’. Several participants mentioned that their 
main idea for participating was to help other pwMS. Also, the other goal for them was to increase 
physical activity. In the subthemes within the ‘Support’ theme, participants revealed that BP 
motivated them to do more physical activity with three different approaches; a) with the help of 
meaningful activities, b) with use of encouraging incremental steps, and c) finding a way towards the 
participants goal achievement. The participants described their relationship with a physiotherapist as 
a supportive one. Also, the participants experienced a positive feeling that was frequently expressed 
as an improvement in strengthening commitment and confidence. The authors suggested that these 
relationships may facilitate increase levels of exercise or physical activity (232). The last theme 
illustrated that misunderstanding in communication between participants and the physiotherapist 
was an issue. Also, some participants described their exercise diaries as a good experience, however 
other participants found using exercise diaries to be time-consuming. Furthermore, the change in the 
research physiotherapist because of maternity leave had a negative impact on participants (232). Use 
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of four different reviewers, and using the verbatim quotes were the strengths of this study. Also, the 
assessing of credibility, transferability, dependability, and confirmability made this a high-quality 
qualitative study.  
Mulligan et al. in 2013 (231)  published another qualitative article to illustrate three different aims; (1) 
to determine the content of the BP approach, (2) to discover the interactions that were required to 
give better delivery of BP, and (3) to identify the improvement of BP with help of the same population 
as the previous studies. These authors used the General Inductive Approach to analyse the data. Three 
main themes were revealed; 1) content and pragmatics of BP, 2) interactions required for delivery of 
BP, and 3) improvements and refinements to the BP. The participants and physiotherapists listed the 
following as the main feature of the first theme; providing support, respecting the individual’s 
decisions, and not fearing failure in the physiotherapy plan. The participant’s empowerment to choose 
an activity and to change it would be the major point of the second theme. Participants pointed out 
that one of the main benefits of social networking is connecting with other pwMS who face similar 
challenges in understanding, support, and motivation. Based on the Cochrane Library qualitative study 
appraisal guideline, the study can be assumed as a high-quality study due to the use of verbatim 
quotes, peer debriefing, contextual background information, and peer reviewing. 
Walter et al. in 2015 conducted a single subject design intervention to use BP to encourage people 
with stroke to do more physical activity. These authors recruited five participants (3 female). The 
primary outcome was the participants’ reports of their engagement in the chosen physical activity 
which they recorded in a physical activity diary. The secondary outcomes were EQ-5D questionnaire, 
European Quality of Life Visual Analogue Scale (EQ-VAS), Stroke Impact Scale (SIS) version 3.0, and 
Stroke Self-Efficacy Questionnaire (SSEQ). The results showed that all participants had engaged with 
their chosen physical activities for 12 weeks (233), indicating the utility of the intervention. Only one 
participant however showed any significant change and only in one outcome, the EQ-5D (p<0.05). This 
study followed a single subject statistical design, adding robustness to its findings (243) (244).  
4.8 Motivational interviewing 
As an important component of BP is motivational interviewing, a description of this technique follows. 
Motivational Interviewing was described by Miller et al. in 1983 to encourage people to change their 
drinking habits(245). Motivational interviewing is not a judgmental, confrontational and adversarial 
method. Motivational Interview is a customer-centred and goal-oriented approach to change the 
behaviour of those dealing with various conditions such as drinking, smoking, and physical inactivity. 
The interviewer tries to listen and understand the client’s point of view. The interviewer encourages 
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the participants to think about their issues, find their own answers and makes their own decisions in 
terms of change (246). The motivational interview works on internal motivation rather than 
external.(247), for instance, Livitz et al. showed a significant increase (34 %, p<0.05) of intrinsic 
motivation using the motivational interview with potential blood donors (248). 
Motivational Interviewing has four different stages (Britt 2004, page 148) (249): 
1. Engaging: involving the participants in a conversation about their condition, concerns and 
hopes, and establish trust in an interview. 
2. Focusing: narrowing the discussion to behaviour that the participants want to change. 
3. Evoking: increasing participants’ motivation for change by developing the participants’ 
confidence about behaviour change, increasing the participants’ feeling about the importance 
of change, and the participants’ readiness to change. 
4. Planning: developing a practical plan for change with the help of the participants to reach their 
goals.  
4.9 BCI mapping of BP and WBP:  
Evidence has shown that BCIs might be effective for increasing physical activity engagement (228). All 
interventions aiming to change people’s behaviour use  one or more BCIs (153). Michie et al. in 2009 
tried to map interventions that used BCIs to increase healthy eating and physical activity in adults 
(152), but there was no framework to clarify the categorisation of BCIs. Michie thus developed a 
taxonomy as such a categorising framework (155, 156).  
I was unable to find any examples of a systematic process for mapping BCIs from a complex 
intervention such as WBP or BP. In response to this problem, I used two parallel methods to identify 
and retrieve relevant data. First, using information from the four BP and three WBP publications that 
I was aware of, I sent an email to the primary authors seeking unpublished resources.  
Secondly, I used the systematic reviews methodology to find relevant papers. Systematic reviews use 
a PICO (Population, Intervention, Comparison, and Outcome) framework. In our systemtiac review, 
we modified this framework as follows. The search population was identified as neurological health 
conditions, the intervention was the intervention under investigation (WBP and BP), the comparison 
was omitted, and the outcomes were BCIs. I used the Michie et al. taxonomy (156) to identify the BCIs 
employed within BP and WBP. To find any reports about BP and WBP interventions, a search was 
conducted in PubMed and Web of Science databases to find as many different resources as possible, 
including published or unpublished material. “BP,” “Web-Based Physiotherapy,” “intervention,” 
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“behaviour change intervention,” “neurorehabilitation,” “physiotherapy,” “multiple sclerosis” and 
“physical activity” were the keywords.  This search resulted in the same seven articles I had already. 
Publications identified in the literature search were read line by line for every description of a BCI 
regardless of the kind or type. To check the reliability of this process, a second reviewer independently 
conducted the same process. The results of this and the compared with the list and description of the 
BCIs published by Michie et al. (156) can be seen in Table 4-1 and 4-2.  
Seven groups of BCIs were found for the WBP intervention, and six BCIs groups were found in the BP 
intervention. Comparing and contrasting the BCIs from both WBP and BP showed that both 
interventions shared five common BCIs: “Goals and planning,” “Repetition and substitution,” “Natural 
consequences,” “Shaping knowledge,” and “Feedback and monitoring.” There was some variation in 
the way shared BCIs were used in each intervention. For example, both interventions used the diary 
as their “Feedback and Monitoring” group. However, paper and electronic type diaries were employed 
in BP and WBP respectively. Also, WBP used “The monitoring of behaviour by others without 
feedback” technique; this was not used in BP. In contrast, in “Repetition and substitution” group, the 
techniques were used by BP and WBP, were completely different. For instance, in “Repetition and 
substitution” group, BP used “The behaviour substitution and generalisation of a target behaviour” 
technique whereas “Graded tasks” was used in WBP.  
Both interventions also had exclusive BCIs that were not shared: “Comparison of behaviour” and 
“Antecedent” groups in WBP and “Social support” group in BP. “Demonstration of the behaviour” was 
the technique that WBP intervention used in their “Comparison of behaviour” group. Video clips were 
an example of “Demonstration of the behaviour” utilised in the WBP website. Also, “Adding objects 
to the environment and Body change” was the technique that was used for the “Antecedent” group. 
In contrast, “Practical Social support” technique was operationalised as the BCI in BP intervention.   
Reviewing of both interventions and mapping them against Michie’s taxonomy illustrated that several 
BCIs were used in each intervention. As the effectiveness of each BCI was unclear, focusing on the 
frequency of occurrence of each BCI within the complex intervention maybe more illuminating. 
Review of the WBP intervention articles showed more emphasis on “comparison of behaviour,” 
“Feedback and monitoring” and “Shaping the knowledge” rather than the other identified BCIs for this 
intervention. A major emphasis in BP were “The social support” and “Goals and planning” groups. 
Furthermore, problem-solving and barrier identification were the other cornerstones of the BP 
intervention which was done collaboratively by the physiotherapist and the participant. Also, BP used 
the motivational interview as a key starting point.  
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4.10 Why combine WBP and BP?  
During the qualitative evaluation of the BP intervention, it appeared that those participants for whom 
the intervention worked best for (i.e. they became more engaged in regular physical activity 
participation), were those who seemed to be in the contemplation stage of the TTM (see section 
4.7)(232). In deliberating how pwMS could be moved to this stage from the precontemplation stage, 
the three constructors of behaviour change came to mind, namely opportunity, capability, and 
motivation (section 4.7). Perhaps for pwMS, providing them first with an opportunity to engage in 
physical activity via the structured exercise offered by WBP, might enable their capabilities to exercise 
and then BP may then, through its philosophy based on (i) choice of activity; (ii) control over level of 
engagement; and (iii) support in personal choice of programme with advice and encouragement over 
time from a physiotherapist (232), motivate the person to be physically active in a regular ongoing 
manner (irrespective of at what level of intensity, frequency or duration). As WBP is provided via web 
interface and BP has minimal physiotherapy face-to-face contact (which perceivably may be delivered 
via telerehabilitation methods), both interventions might be suitable for those living rurally.    
There is a debate as to which BCIs are required for designing interventions to encourage physical 
activity participation (44-46, 157, 250-252). Ashford et al. in 2010 and William et al. in 2011 in two 
different systematic reviews showed small but significant association (positive and negative) between 
some kinds of BCIs with physical activity and exercised self-efficacy in healthy people (44, 46). For 
example, “Graded task” and “Barrier identification” showed a significant negative relationship with 
exercise self-efficacy and physical activity. It means that the studies that used those interventions 
showed a significant decrease in physical activity. On the other hand, “Feedback” can be an example 
of positive association with the self-efficacy (EF=0.44, p<0.01)(44).  
In Chapter three (Systematic Review) and in contrast with Ashford et al, a positive small and 
meaningful but heterogeneous effectiveness were shown in use of “Graded task” intervention and 
physical activity in pwMS (Z = 2.07, P = 0.04, I² = 62%). Also, a positive significant small size effect was 
illustrated in terms of “Problem solving” intervention effectiveness in physical activity in pwMS (Z = 
6.75, P < 0.00001, I² = 0%). A meta-analysis of included studies rated of high quality showed a small, 
significant but heterogeneous result for “Instruction on how to perform the behaviour” (Z = 2.41, P = 
0.02, I² = 74%). Previous systematic reviews for other conditions and healthy populations, 
interventions such as “Behaviour substitution,” “Vicarious experience,” and “Feedback and 
monitoring” BCIs have a significant positive association with physical activity and exercise self-efficacy 
(44-46, 250, 251).  Jeon et al. in 2014 (253) showed a significant relationship between the stages of 
TTM with BCI types in young (aged 21.32±2.94) healthy people. These findings led the authors to 
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conclude that when the stage of change is early (pre-contemplation or contemplation), a BCI is 
required which presents some relevant information to participants such as shaping knowledge or 
natural consequences. When the stage is later (preparation or action), an appropriate BCI would be 































Grouping BCTs Definition (based on Michie’s 
Taxonomy) 






Advise on, arrange or provide 
practical help (e.g. from 
friends, 
relatives, colleagues, ‘buddies’ 




Using a motivational interviewing process. 
The physiotherapist may accompany the participant on their first time 
attending or engaging in an activity to advise the participant. 




Advise on, arrange or provide 
emotional, social support (e.g. 
from friends, relatives, 
colleagues, buddies’ or staff) 
for the performance of the 
behaviour 
Using a motivational interviewing process. 






Analyse, or prompt the person 
to analyse, factors influencing 
the behaviour and generate or 
select strategies that include 
overcoming barriers and 
increasing facilitators. 
 
Problem-solve to ensure physical activity participation can be achieved. 
 
The physiotherapist discusses with the participant what barriers they think will 




Set or agree on a goal defined 
regarding the behaviour to be 
Achieved. 
 
Set goals to achieve the desired level of physical activity. 
As goal setting should be specific to its intended use (in this case to drive self-
efficacy and self-motivation) a flexible experiential approach to goal 
the setting was used. 







Prompt substitution of the 
unwanted behaviour with a 
wanted or neutral behaviour. 
 
Identify the participant’s choice of physical activity. 
Allow people to choose both an activity programme and a method to support 
them in their programme that suits their needs, thereby enhancing intrinsic 
motivation and autonomy. 
Using a motivational interviewing process. 
Generalisation of a 
target 
behaviour 
Advise to perform the wanted 
behaviour, which is already 
performed in a particular 
situation, in another situation. 
Participants can choose, based on discussions and advice from the 
physiotherapist. 








Provide information (e.g. 
written, verbal, visual) about 
health consequences of 
performing the behaviour. 
 
The physiotherapist uses volitional help sheets to assist the participant in 
identifying how best to continue engaging in their activity of choice over the 
long term. 
Assistance in sourcing appropriate information and resources (such as written 
or DVD). 
    
Shaping 
knowledge 
Instruction on how 
to perform a 
behaviour 
Advise or agree on how to 
perform the behaviour 
(includes ‘skills training'). 
Providing advice and education. 
Using a motivational interviewing process. 





Establish a method for the 
person to monitor and record 
their behaviour(s) as part of a 













Grouping BCTs Definition(based on Michie’s 
Taxonomy) 





behaviour goals  
Review behaviour goal(s) jointly with 
the person and consider modifying 
goal(s) or behaviour change strategy in 
light of achievement 
The exercise programme is reviewed every two weeks and 
amended by the physiotherapist as appropriate depending on the 
patient’s feedback within their exercise diary. Patients can also 
request a modification to their program based on whether they 




Set or agree on a goal defined 
regarding the behaviour to be 
achieved 
Following an initial assessment, goals are agreed between the 
patient and physiotherapist. The exercise program is then set up 
with some exercises to address these agreed goals. 
Action plan   







Set Easy-to-perform, making them 
increasingly difficult, but achievable, 
until the behaviour is performed 
Patients are assessed, and exercises are prescribed based on their 
goals and ability. Exercises within patients’ exercises programmes 
are gradually progressed in intensity and difficulty.  







Provide information (e.g. written, 
verbal, visual) about  health 
consequences of performing the 
behaviour 
Patients are provided with advice and education section on the 
website. Within this section, there is advice specific to their 
condition and guidance regarding health consequences of 





Provide information (e.g. written, 
verbal, visual) about  emotional 
consequences of performing the 
behaviour 
Patients are provided with advice and education section on the 
website. Within this section, there is advice specific to their 
condition and advice regarding emotional consequences of 
performing the behaviour. 




how to perform 
a behaviour 
Advise or agree on how to perform the 
behaviour (includes ‘skills training.') 
As patients log on to the website, they view videos of each exercise 
assigned to them. Patients can watch the exercise and listen to the 
audio and written instruction.   
    
Comparison  




Provide an observational sample of the 
performance of the behaviour, directly 
in the person or indirectly, e.g. via film, 
pictures, or for the person to aspire to 
or imitate   
Patients are provided with video demonstrations of each exercise 
within their individualised exercise programme. 
    
Antecedent Adding objects 
to the 
environment  
Adding objects to the environment to  
facilitate the performance of the 
behaviour  
The website is available to patients to access using their computer 
or tablet. Patients may also be advised to use resistance. (e.g. 
water bottle or resistance bands) to progress exercise 
Body change Alter body structure, functioning or 
support directly to facilitate behaviour 
change  
Patients may notice body changes or improved function in their 
daily life after taking part in their exercise programme. 





Establish a method for the person to 
monitor and record their behaviour(s) 
as part of a behaviour change strategy 
 
As patients are completing their programme, they complete their 
exercise diary online. The patient can review their previously 





Observe or record behaviour with the 
person’s knowledge as part of a 




As patients are completing their programme, they complete their 
exercise diary online. This is seen by their physiotherapist.  
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While it is understood that transition through the TTM model phases is not necessarily linear, 
combining BP and the WBP may facilitate sustained physical activity engagement for pwMS living in a 
rural setting by capturing people across different states of readiness to change. With no certainty 
about right or wrong BCI planning to design an appropriate intervention, it may be logical to use a 
range of BCIs with different approaches (157). It may be helpful to use various types of BCIs to cover 
all kinds of pwMS through different stages of change (TTM). The WBP intervention may help the 
person to progress from the precontemplation or contemplation stages to the preparation stage with 
the help of “Shaping knowledge” techniques or “Graded task” that are very evident in WBP. This 
intervention can then be followed with the BP intervention which might encourage the person to go 
through the preparation stage to the Maintenance by use of “Problem-solving,” or “Social support”, 
BCIs more dominant in BP than WBP.  
Finally, the duration of combined intervention required addressing. A duration of six to 12 weeks was 
the most frequent in the previous interventions that aimed at increasing physical activity for pwMS 
(19). Also, as shown in the third chapter of the current thesis (the systematic review), in the high-
quality studies reviewed, the interventions investigated significantly increased level of physical activity 
after three months or less (228). Furthermore, Lally et al. conducted a study to search the procedure 
of habit formation. These authors demonstrated 60 to 284 days (8 to 40 weeks) were needed to create 
new habits (250). In this study, 96 participants reported their self‐report habit index for some new 
habits such as healthy eating and drinking, or physical activity that they already did not do it. The 
participants were asked to log in a web site and provide some information about completing the habit 
for previous day. Based on this knowledge, a 12 week duration was chosen for each intervention (WBP 
and BP) (48).  
4.11 Conclusion:  
This chapter has presented an argument for combining the WBP and BP interventions to increase the 
engagement of pwMS living rurally in regularly physical activity long term. To be clear – the aim is to 
get pwMS to take up physical activity and then assist them to maintain this up take – irrespective of 
how often, how much at any one time and level of intensity. The reason for combining WBP and BP is 
underpinned by the TTM and the BCI components of both interventions and draws on the constructs 
of behaviour change of opportunity, capability and motivation. Based on the complex intervention 
development criteria (UK Medical Research Council 2008), in the next step a proof of concept study 
to examine the practicability and acceptability of the combination of the two interventions was 
conducted. At this stage, the intervention combination procedures, recruitment strategies, inclusion 
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Chapter Five: Developing a combined intervention to promote 
physical activity engagement for people with multiple sclerosis living 




In this chapter, I report a POC study that I undertook to check whether the combination and delivery 
of the two interventions, BP and WBP, aimed at increasing physical activity for people with MS living 
in rural areas, was acceptable. 
5.2 Aims 
This study explored whether a combination of WBP and BP interventions was acceptable and feasible 
to people with MS living in rural areas. Specifically, the research questions asked in this multiple-case 
POC study were: 
 Is the combination of the two approaches an acceptable intervention for participants with MS 
living rurally and for the therapist delivering the interventions? 
 How well did participants adhere to the interventions and the research procedures? 
 Were there any adverse events as a result of the interventions? 
 Were the chosen outcome measures acceptable, appropriate and suitable to evaluate the desired 
health benefits? 
 What factors may limit the feasibility of intervention delivery in a rural setting? 
 
 
5.3 Procedure  
 
5.3.1 Design:  
I used a sequential mixed methods case study design to provide a rich qualitative description of the 
development and testing of this combination intervention. Case studies can be utilised for illustrating 
the participant's views of reality (254), hearing their stories (255) and allow participants to voice their 
opinions (256). Case studies can apply to any context relevant to the phenomenon under study and 
are also useful when the boundaries between the context (e.g. people living rurally with MS) and 
phenomenon (combined BCI) are not clear(256). In mixed methods, both quantitative and qualitative 
methods are used to more fully understand the phenomenon being studied (257). In this study, I used 
both quantitative outcomes and qualitative in-depth interviews; the quantitative results were used to 
enrich the qualitative analysis. According to Baxter and Jack in 2008 (256), using different sources of 
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data is the hallmark of a case study enabling a holistic understanding. The data sources can be varied 
in nature, such as interviews, quantitative measures, documentation, questionnaires or even 
participants’ observation. Four participants were recruited (258, 259). The Unversity of Otago Human 
Ethics committee and Kaiwhakahaere Rangahau Māori approved the study.  
Each participant received the WBP intervention for 12 weeks followed by the BP intervention for 12 
weeks. As documented in chapter three, a justification about the duration of an appropriate 
intervention is critical. I chose 12 weeks for each phase as previous research has demonstrated a need 
for 60 to 84 days (8 to 12 weeks) to create new habits (250). Interventions were delivered by a New 
Zealand registered physiotherapist who had delivered BP in previous studies. The physiotherapist, 
however, received more training about WBP and BP and the justification of their combination. 
Participants were quantitatively assessed at baseline, after the first 12 weeks and after the second 12 
weeks. Participants and the physiotherapist were interviewed after the second 12 week phase.  
5.3.2 Recruitment:  
Four people with MS were recruited. Volunteers were recruited via the Otago branch of the NZ 
Multiple Sclerosis Society (MS Otago). The branch distributed study adverts to their rural members (as 
identified by their residential postal address) and I presented the study at Society branch meetings in 
Dunedin. Interested volunteers were asked to contact the clinical research administrator; after which 
they were provided with study information sheets. All participants were asked to sign a consent form 
before taking part. 
5.3.3 Inclusion and exclusion criteria:  
Inclusion criteria: a diagnosis of MS of any type, aged 18 years or more presenting with mild to a high 
level of disability [Patient Determined Disease Steps (PDDS) that was converted to EDSS](260) and of 
either sex. Participants had to score 24 and above out of 30 on the Mini-Mental State Examination 
(MMSE) (261). Participants were required to have a computer and internet access and be familiar with 
basic computer skills (or have a person who could help them to use a computer). Also, they had to live 
in a rural area (based on their residential postal address).  
Exclusion criteria:  Current or recent relapse (less than three months), currently participating in regular 
exercise or physical activity programmes or receiving regular rehabilitation, defined using the WHO 
physical activity guidelines. Participants with co-morbidities, such as a cardiac condition, were 
excluded based on the Physical Activity Readiness Questionnaire (PARQ). PARQ is a validated 
questionnaire that consists of seven questions which check existing co-morbidities such as 
cardiovascular condition or osteoarthritis that may prevent a person from exercising safely (262). 
People with MS that were already participating in the other trials were excluded to prevent any 
contamination with the other interventions.  
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5.3.4 Interventions:  
The 12 weeks of WBP was delivered via a website that was designed and evaluated for pwMS (41). As 
described in chapter three, the website contains a library of over 200 exercises, and each exercise 
page contains an exercise video clip, audio and text exercise description. A New Zealand registered 
physiotherapist visited each participant at their home for an initial consultation where the participant 
and physiotherapist collaboratively discussed and established exercise goals and developed an 
individualised exercise programme from the website. Each programme consisted of warm-up/cool-
down, flexibility, strengthening, balance and cardiovascular exercises as well as advice and education. 
Participants were asked to complete a digital diary of exercise participation on the website which the 
physiotherapist could view remotely, and modify the participant's programme as necessary as well as 
monitor level of engagement and adverse events. 
After 12 weeks of WBP, the participants then received BP for 12 weeks (19, 48, 231, 232). The same 
physiotherapist visited participants, and together they decided on what physical activity the 
participant would like to engage in, for how often and for how long. The physiotherapist visited a 
second time to facilitate the decision process, provided further advice and information, or to assist 
the person in accessing their chosen activity for the first time, e.g. the first attendance at the nearest 
swimming pool. On the third visit (at 12 weeks), the physiotherapist and the participant identified any 
barriers to participation in their chosen physical activity and used problem-solving to address these 
identified barriers. During the 12-week period the physiotherapist and the participant connected via 
telephone, email or text message. In this way, the physiotherapist could provide ongoing support in 
the way of encouragement, help with problem-solving and monitor physical activity engagement and 
adverse events.  
 
5.4 Data sources 
  
5.4.1 The quantitative data:  
Quantitative outcome measurement occurred at four-time points: (1) before starting the WBP, (2) At 
12 weeks (between WBP completion and commencement of BP),  (3) 24 weeks (on completion of 
BP), (4) at six months follow-up.  A research assistant conducted all outcome measurements. 
At the first measurement time point, demographic data were collected for each participant (sex, age, 
type of MS, the medications and the duration of MS). 
The following quantitative data were collected: fatigue, depression, self-efficacy, and quality of life 




5.4.1.1 Multiple Sclerosis Impact Scale 29 (MSIS-29), V2: 
As physical activity and quality of life strongly correlate (8), the multidisciplinary consensus meeting 
on the optimal outcome measurements to use in studies of exercise and MS (52) recommended the 
inclusion of the MSIS-29 as an evaluation of the quality of life (263). The MSIS-29 is a self-reported 
Likert scale questionnaire with 29 questions subdivided into two distinct subscales: physical and 
psychological. The reliability of MSIS-29 (n=63) was reported good (α>0.80) (264), also, a significant 
correlation (n=179)of MSIS-29 and EDSS was reported (p<0.001) (265). Also, a study (n=92) reported 
a good internal consistency (Person Separation Index, PSI = .90)(266). Therefore, the application of 
MSIS-29 may be easier to use.  
5.4.1.2 Modified Fatigue Impact Scale (MFIS):  
Fatigue is a frequent high symptom in pwMS (267) that can decrease the quality of life (268). This MS-
specific self-reported fatigue questionnaire was recommended by experts in MS research who took 
part in a consensus meeting in 2012 (269). The internal consistency and reliability are reported to be 
good, and the minimal detectable change of it for total, physical, cognitive and psychosocial parts are 
reported to be 16.2 points, 8.9 points, 8.0 points, and 2.3 points, respectively (267). 
5.4.1.3 Exercise Self-efficacy Scale (EXSE): 
To estimate the effect of the interventions on exercise and physical activity on self-efficacy the 
Exercise Self-efficacy Scale (EXSE) was included. This 6-item questionnaire scale was specifically 
developed in 1993 to evaluate exercise self-efficacy in older people (270), but it has been validated 
for ambulatory pwMS with excellent (α= 0.99) internal consistency (271). 
5.4.1.4 Hospital Anxiety and Depression Scale (HADS): 
Mood disorders, such as anxiety or depression are frequently experienced in pwMS (272) and the 
influence of these disorders on the quality of life (273) and fatigue (274) in pwMS have been shown. 
To evaluate the level of depression, the HADS was used (275). The HADS was first used to evaluate 
depression and anxiety levels of medically ill people and then pwMS specifically (275). This 14-item, 
the Likert self-report instrument comprises seven questions probing anxiety as well as seven questions 
for depression (275). 
5.4.2 Qualitative data: 
The purpose of the qualitative evaluation was to explore the perceptions of participants and the two 
research physiotherapists involved in this study.  
The qualitative evaluation comprised three parts: 
a) The interviews with participants and the research physiotherapist. 
b) Participants diaries in the WBP website. 




5.4.2.1 Qualitative interviews: 
Semi-structured, in-depth interviews were conducted by the researcher with the participants and the 
research physiotherapists. The questions were designed to cover all of the research aims and 
questions as previously stated. To develop the question guide for the interviews, a list of potential 
questions was drafted by the researcher and sent to the supervisory group for comment. Questions 
were drafted in plain English to avoid any confusion related to language. The final question guides for 
the participants and the physiotherapists are shown below in Box 5-1 and 5-2. Interviews were held 
in the participants home soon after the completion of the interventions (six months after starting). 
The physiotherapists interviews were held in the School of Physiotherapy, University of Otago. To 
facilitate a deeper understanding of the participants / physiotherapists responses to the questions, 
the researcher employed open-ended questions when necessary. Interviews were audio-recorded 
then transcribed verbatim by a certified transcription company (276, 277).  
 
Box 5-1:Semi-structure interview guideline for participants with MS: 
 
1) What are your thoughts about being involved in this project? Can you talk me through 
your experience with this project? 
2) What were the best bits for you? What part of the intervention worked well? 
3)  What did you enjoy least? What didn’t work so well? What did you find easy? What did 
you find hard? 
4) How do you think that this intervention helped you to be more active? 
5) How was communication with your physiotherapist [I would use the name here]? 
6)  How did you find the use of the internet for this intervention? 
7)  How do you think the combination of the internet and physiotherapy worked together? 
8)  What do you think would make this intervention more useful? How could we do that? 
9) How will you stay physically active now? What are your plans/strategies for staying 
physically active?  
10) How did you find wearing the SENSWEAR™ and Garmin™? How does one compare to the 











Box 5-2: Semi-structure interview guideline for the physiotherapist: 
 
 
5.4.2.2 Participants diaries in WBP website: 
Each participant had a diary on the website where they could write comments, opinions or complaints 
about their exercising. Each participant’s diary was reviewed by two researchers and important data 
relevant to the research aims was identified and extracted. These data were used to triangulate the 
other findings from this study. 
5.4.2.3 Participants’ emails: 
Similarly, all emails that the researcher and physiotherapists sent and received from participants were 
reviewed, and data relevant to the research aims identified and extracted.  
5.4.3 Physical activity: 
Two different methods of physical activity monitoring were chosen for evaluation in this study. The 
first was the use of activity monitors and the second was a validated self-report physical activity 
questionnaires. 
5.4.3.1 Activity monitors: 
Two activity monitors were chosen for trial in this study. The choice was driven by the following 
criteria: (1) type of data collected, (2) body site of monitor attachment, (3) reliability of data collection 
and (4) price. While most activity monitors are attached to the lower limb, for people who are non-
ambulatory, upper limb attachment may be preferable. The more reliable and sensitive the activity 
monitor, the more expensive it is. Expensive monitors, however, are too costly for use in large trials. 
Thus, two different types of activity monitors were chosen. I) SensWear™ (BodyMedia Inc., Pittsburgh, 
1) What are your thoughts about being involved as a physiotherapist in this project? 
2) What were the best bits for you? What part of the intervention worked well? 
3)  What did you enjoy least? What didn’t work so well? What did you find easy? What did 
you fine hard? 
4) How did this intervention ‘sit’ with your understanding of the role of a physiotherapist? 
5)  How do you think this intervention could help pwMS be more physically active? Which 
aspects of physical activity may be more effected? For example intensity, duration, frequency or 
type 
6) How do you feel about your communication with participants? 
7) How do you think the combination of the internet and physiotherapy worked together?   
8) What do you think would make this intervention more useful? How could we do that? 
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PA, USA) as an expensive monitor, (about NZD 2,000) and II) Garmin Vivoactive™ (Olathe, Kansas, USA) 
as a commercial cheaper monitor (about NZD 350). 
SensWear™ is an armband triaxial accelerometer that has been used successfully to measure the 
physical activity in obstructive pulmonary disease (278), ambulating pwMS (279), individuals with 
paraplegia (280), healthy people who use wheelchair propulsion as an exercise (281). The device uses 
AAA type batteries and can be connected to a personal computer (PC) with a Universal Serial Bus (USB) 
connection. The SensWear™ management software is installed on the PC and after connecting, 
extracts the raw data and analyses it. The outcomes such as daily steps and consumed energy are 
reported. A study reported a 4% overestimation of energy expenditure rather than a gold standard 
measurement (of doubly labelled water), however, it displayed a better sensitivity in comparison with 
the other devices. (282). A good agreement exists between the device and step counting and energy 
expenditure in stroke participants (intraclass correlation coefficient, ICC=0.702) when they used the 
armband on their intact upper limb, but only a fair relationship was detected when the affected upper 
limb was used (ICC=0.586) (283).    
The Garmin Vivoactive monitor is also a triaxial accelerometer with a built-in GPS, lightweight and 
waterproof. It can also act as a smart wristwatch. The battery is rechargeable, and it can be connected 
to PCs, smartphones, and tablets with either USB connection or Bluetooth system. The raw data is 
sent to Garmin website located in San Francisco, USA. After six to 12 hours the analysed results are 
released to an individual password-protected web page. Daily steps and energy expenditure were the 
main items that were used in this device. However, we did not have sufficient data concerning the 
durability and reliability of this monitor, a recent systematic review about using other similar activity 
monitors in more healthy people, revealed a good validity of step counting (ICC=0.90), and an 
excellent validity for energy expenditure (ICC=0.95) on devices where their wearing site was the 
wrist(284). There is no published evidence to measure Vivoactive in terms of physical activity 
measurement in pwMS. 
5.4.3.2 Self-report validated physical activity questionnaire: 
The Godin Leisure-time Exercise Questionnaire (GLTEQ)(190) was chosen as the self-report physical 
activity questionnaire as it is easy to use, and its validity and reliability for measuring physical activity 
in ambulated pwMS have been confirmed (115, 285). It is moderately correlated to other physical 
activity questionnaires, and pedometer and accelerometer measurements of physical activity 
participation (r= 0.51 to 0.53 respectively)(115, 117). The GLTEQ has two parts: in the first part, 
respondents answer questions about the amount of time they spend engaged in vigorous, moderate 
and low-intensity physical activity in a typical week. In the second part, respondents are asked 
whether they did any physical activity which caused them to perspire. As with other studies (286), the 
73 
 
second part of the questionnaire was omitted in our studies because of potential parasympathetic 
involvement as a result of MS. 
5.4.4 Body structure and function measurement: 
Body structure and function measures are strongly recommended to be included to gain a better 
understanding of the effect of physical activity on participants’ bodies (263). In MS, the following 
measures were recommended by a consensus statement (263): six-minute walk test (6MWT), Time 
Up and Go Test (TUG) or 10-meter walk test, and the 5-repetition sit-to-stand (5STS) test. The latter 
was chosen as it would have more utility across a wide range of disability levels (287). The validity was 
tested significantly (n= 22) as the correlation of knee extension and knee flexion with 5STS-test were 
(R = −0.77, p = 0.01) and (R = −0.60, p = 0.05) respectively (288). 
The Waist-Hip Ratio (WHR) was selected as a measure of body composition instead of BMI. The BMI 
requires an exact measurement of weight and height, and in pwMS with moderate to severe disability 
this measurement may not be easily gained. WHR was measured with a measurement tape. Hip 
circumference was measured in the narrowest part of the torso between the iliac crest and the widest 
part of the buttock. The waist was measured in standing position when the stomach is relaxed, at its 
narrowest point (at umbilicus level). In obese participants, waist circumference was measured in the 
horizontal plane around the abdomen at the level of the iliac crest (269). 
5.5 Data analysis: 
The quantitative data were reported descriptively as means, medians, ranges and standard deviations 
and used to add to the descriptive value of each case. 
The inductive approach was used to synthesise the qualitative data (289). Based on Braun and Clarke’s 
method of data analysis (290), the qualitative data in this study was inductively analysed in six stages, 
namely: a) transcription, b) familiarising with data, c) generating initial codes, d) searching for themes, 
e) reviewing themes, f) defining and naming themes. 
The transcription of interviews into written form formed the first stage of thematic analysis. Then, 
familiarisation usually involves the repetitive active reading of the data in which a preliminary search 
is undertaken to find out the meanings, patterns, and concepts. To generate the codes, the manual 
method was utilised. Therefore, the content of each transcript was reviewed to clarify the codes. The 
codes could be a word or a sentence that express an idea. In the theme searching phase, the different 
codes were sorted into preliminary themes. In this way, new themes can be identified by collecting 
and combining the relevant codes with each other. The next phase consists of two levels of refining 
and reviewing found themes. At the first level, a secondary review was conducted of the coded data 
extracts. As a consequence, each theme’s collated extracts were considered as a coherent pattern. At 
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the last stage, “define and refine” the themes and by determining “what aspect of the data each 
theme captures” the analysis can present its essence. 
Four volunteers with MS were recruited from rural areas of Central Otago, and the Greater Dunedin 
area and participated in the study. The participant demographic details can be found in Table 1. Each 
participant has been given a pseudonym. The evaluation results are presented in three ways. Firstly, 
each participant’s experience is presented as a case description where all data sources have been 
synthesised into each of the four descriptions. Secondly, quantitative data are presented descriptively 
in tables. Thirdly, shared participant experiences are presented in a thematic analysis. 
5.6 Results: 
5.6.1 Case 1: 
Mary was a 75 years old women with a 21-year history of MS (type unknown). In addition to MS, Mary 
also revealed she had moderate to severe osteoarthritis in her hip, knee and shoulder areas. She was 
retired and lived alone in a suburb of a small rural town of the South Island of New Zealand. Although 
she had adequate access to the internet, her computer and mobile phone were not compatible with 
the Garmin Vivo Active activity monitor, and she was therefore, unable to use this device. Based on 
the physiotherapist’s notes Mary’s goal was to walk without limping. According to her goal and the 
physiotherapist’s evaluation, her WBP plan started with five exercises and after three weeks 
progressed to a total of eight (Figure 5-1). She used the WBP website for 40 sessions during the WBP 
stage of the intervention in which she did her allocated exercises. Mary enjoyed the WBP exercises, 
so much so that during the BP phase of the intervention, she expressed the wish to continue with WBP 
as her chosen physical activity. She completed 41 sessions of WBP in the BP phase of the study “I did 
them because I had to do them, and use the computer, the internet and um… moreover, I’m not a great 
liar, so I did do it as requested.” Mary’s physical activity diary and email communication showed that 
she enjoyed using WBP exercise clips. However, she suggested that after three weeks, the exercises 
became easy and needed to be progressed “Give me about three weeks before I contact you, by then 
I should have mastered them…” Therefore, her exercise programme was extended by the 
physiotherapist. Based on WHO physical activity guidelines (291), her electronic diary illustrated an 
appropriate level of physical activity per week as she did 150 minutes of mild physical activities. In 
addition to a total of 81 x 30-min sessions with the WBP, Mary also completed 10 minutes of stationary 
cycling during the 24 weeks of intervention. Furthermore, her GLTEQ and SensWear data revealed a 
small but steady improvement in her physical activity and daily steps. Daily steps increased from 1656 
to 1837, and GLTEQ score had improved 56 to 58 (Figures 5-2 and 5-3). Although the MSIS-29 physical 
subgroup and MFIS (Total and physical) scores showed a slight increase from baseline to 12 weeks 
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(indicating that the participant felt more negative impact of MS on her life) (Figure 5-3, 5-4, and Table 
5-2), these scores decreased by 24 weeks (3 units for both total and physical) (indicating a positive 
change in the Mary’s perception of the impact of MS on her life). The changes, however, were not 
clinically or meaningfully significant as measured by the minimal detectable change (at 95% CI) of MFIS 
for total, physical, cognitive and psychosocial (292) parts. Data from her interview and emails 
indicated that her shoulder arthritis had worsened over the intervention period and this may have 
contributed to the MSIS scores “I found the exercise rather hard on my right shoulder.” Mary’s WHR 
measurement initially increased from baseline to 12 weeks but returned to the baseline level at the 
24 weeks test point. The 5STS results remained unchanged over the three-time points. The other 
results are shown in Table 5-3. 














5.6.2 Case 2 
Kate was a 65-year-old, retired lady with the SPMS. She lived with her husband in an urban design 
home that was located in a rural area near to Dunedin. Her first signs and symptoms of MS occurred 
in 1982, and in 1990 her condition was diagnosed as a case of MS. her disability status was 6 to 6.5 at 
baseline evaluation based on EDSS. Kate could walk indoors with the use of the walls and furniture. 
For long or outdoor activity, she used her electrical scooter. Kate had access to broadband Wi-Fi. She 
had a basic knowledge of computer operation, however, not enough for more advanced activities such 
as updating her computer’s operating system or installing applications such as the WBP website or the 
Garmin administration application. Unfortunately, her computer hardware was too old to support the 
Garmin Vivoactive software. Therefore, synchronisation of the Garmin Vivo to her computer was not 
possible, and data transfer between activity monitor and her mobile phone was also not possible. The 
website of the WBP was however easily accessible, and all its clips and diary was useable. Based on 
the physiotherapist’s notes, Kate’s goal was consistency in her physical activity. Based on this goal and 
the physiotherapy assessment, the WBP exercise plan was designed to consist of five different 
exercises - warm up, stretching, and aerobic exercises, and strengthening exercises for core muscles 
and lower limbs. In the BP intervention part, ten-minutes of stationary biking twice daily was added 
to her WBP exercise plan to increase her physical activity engagement. Her diary revealed that she 
used the website for ten sessions in the WBP part of her programme. Nine sessions of exercise were 
recorded on her website diary after starting the BP part of the programme. In terms of physical activity 
measurements, the daily step counting measured by the SensWear increased from 1658 steps at 
baseline to 3728 steps after 12 weeks and then decreased to 1783 steps at the 24 weeks’ test point 
(Figure 5-2). The GLTEQ, however, had a score of zero at all three measurement points. Kate’s MSSE 
and MFIS (Total and physical) scores remained unchanged (Table 5-2, 5-3 and Figure 5-4). Her MSIS-
29 (physical subgroup) and HADS scores decreased at the 12 weeks’ test point, but then returned to 
baseline at the 24 weeks test point (Table 5-3 and Figure 5-4). The MSIS-29 (mental) score reduced by 
22 points at the 12-week test point (Figure 5-4); Kate reported at this point that she had injured her 
ankle. Her WHR measurement increased at 12 weeks and then returned to baseline at 24 weeks. Her 
5STS measurement remained unchanged across the three test points. 
5.6.3 Case 3 
Lora was a 56 year old female who had been diagnosed with RRMS since 2014, however, she thought 
that her first sign and symptom, of a visual nature, had happened 38 years ago when she was 18. She 
was undertaking post-graduate studies and working simultaneously during the study period. Lora lived 
with her partner on a farm. She had adequate access to the broadband Wi-Fi and an up-to-date laptop. 
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Her computer’s operating system and hardware were compatible with the Garmin Vivo active and the 
WBP website. Lora was the only participant for whom the Garmin administration software could be 
successfully installed and who could also use the device properly. She was completely independent, 
and her EDSS score was rated 1 to 1.5. Her chief complaint was fatigue and lack of energy, and her 
goal was to walk on beaches near her farm for 20 minutes. Based on Lora’s goal and the 
physiotherapist’s assessments, five exercises were chosen for her WBP plan comprising warm-up 
exercises, stretching exercises, and strengthening exercises for the calf, core, and hip abductors 
muscles. Fifteen sessions of exercise were done in the first 12 weeks of her programme. Lora preferred 
to use the WBP warm-up exercises as her main exercise in her BP activity. To address some of the 
acknowledged barriers to exercising, such as forgetting the time of her exercise, Lora agreed to put 
up a wall-planer to remind her. She did three sessions in the BP part of her programme. However, she 
added daily walking along the beaches into her plan. The temperature was another barrier to exercise 
for Lora. Her diary and emails showed that from late January to end of February (summertime in New 
Zealand) her physical activity was restricted to early mornings or late evenings and the rest of the day 
she had to stay at home and use an air-conditioner; “The excess heat of late made me unwell but 
cooler tonight” or “Just recovering and getting used to the cooler weather”. The Garmin and the GLTEQ 
data confirmed this physical activity pattern. Her file on the Garmin website revealed that her monthly 
steps increased from about 180K per month at baseline to 220K per month at the sixth week of the 
WBP part and with a slight decline to 210K per month at week 24. In line with the Garmin, her GLTEQ 
score increased from zero at baseline to 22 at 12 weeks and then decreased to 15 at 24 weeks. 
However, the SensWear illustrated a different pattern with 8,000, 5,500 and 4,500 steps per day at 
the first, second and third test time points respectively, and review of the data showed that Lora had 
worn the monitor for a greater time at baseline, than she did at 12 or 24 weeks. The other outcome 
measurement data showed more or less the same pattern as the GLTEQ and Garmin data (Tables 5-2, 
5-3 and Figures 5-4 and 5-5). The WHR measurement increased at 12 weeks but decreased to baseline 
levels at 24 weeks. The 5STS results were unchanged across all three time points. 
5.6.4 Case 4 
Margo was a 56-year-old retired lady with SPMS. Her condition was diagnosed in 1986, two years after 
showing her first signs and symptoms. She lived with her husband in a rural area. Her disability status 
was rated on the EDSS scale as 6 to 6.5. She could walk with the help of a cane outdoors and with the 
help of furniture and walls inside of her home. Her access to the internet was reliable, and her 
computer was up-to-date enough to be compatible with the Garmin activity monitor and for using the 
WBP website. Based on her goals of walking and gardening, the physiotherapist decided to increase 
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her motivation to exercise as well as improve her balance. Five exercises were chosen for Margo 
during the WBP part, and six more exercises were added to her programme in the BP part. In the WBP 
part of the programme, she used the website for three sessions. Also, she did one session within the 
BP part of the programme. Her main complaint was that the hot weather did not let her to do her 
exercise plan. Although the researcher and the physiotherapist encouraged her to use the website, 
the Garmin and the SensWear activity monitors, after the first session, she said she did not like the 
technological devices at all and had problems trying to use them The researcher tried to help by 
sending her emails and text messages, but Margo ended up refusing to use the Garmin. To illustrate, 
she wrote “I haven't been able to see what exercises I should be doing… As it’s probably my error, 
again, that I can't view the exercises, would it be possible to tell me via email so I can get started 
please?”  Alternatively, “I didn’t log into my exercises online for much of last week but have just done 
so now. However, I have been doing about 10 minutes on my treadmill most days as well as gardening, 
and doing some of the exercises at various times of the day”. Also, Margo complained that the 
SensWear affected her “biorhythms”. As a result, she stopped using the SensWear usage and did not 
use it for the second and third test points. All Margo’s outcome measures (Figures 1 to 4 and Tables 1 
to 3) had the same pattern - they worsened at the 12-week point but improved slightly by the 24-
week point. She did state at the 12-week point that “As the temperature has been about 30 degrees 
for months, it has been far too hot to exercise.” Margo’s WHR measurement increased from 0.89 at 
baseline to 0.98 at 12 weeks and then decreased to 0.97 at 24 weeks. Her 5STS result declined from 
21 seconds at baseline to 17.5 seconds at 24 weeks and then slightly increased (18.5 Second) at 24 
weeks. 
5.6.5 Follow-up 
At the six-month follow-up, for all four participants, the results overall decreased or remained the 
same from the 24 week time point. An exception was Mary, who after two extensive operations on 
her shoulders had a large fall in her GLTEQ scores and a sharp rise in her MSIS-29 (both subscale) and 
overall MFIS scores. The EXSE scores decreased (from 24 weeks) for Mary and Lora but remained the 
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Base line 12 weeks 24 weeks Follow-up
Figure 5-4: Each participant Multiple Sclerosis Impact Scale 29 (MSIS-29) result
Mary-MSIS-29 PHYSICAL Mary- MSIS-29 PSCHOLOGICAL
Kate MSIS-29 PHYSICAL2 Kate- MSIS-29 PSCHOLOGICAL 2
Lora- MSIS-29 PHYSICAL3 Lora- MSIS-29 PSCHOLOGICAL 3














Base Line 12 weeks 24 weeks Follow-up
Figure 5-5: Each participant Modified Fatigue 
Impact Scale (MFIS) result
Mary Kate Lora Margot
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EDSS= expanded disability study scale, MS= multiple sclerosis, SP=secondary progressive, RR= relapse remitting  
 
 






                         ∑…… (2-1): difference of second and the first time point, ∑…… (3-1): difference between the third and the first time point, ∑ …… (3-2): Difference between the third and the second time point,  
 
 Age Sex MS type First Diagnosis EDSS 
Mary 75 f unknown 1995 6.5 
Kate 65 f SP 1982 6 
Lora 56 f RR 2014 1 
Margot 56 f SP 1986 5 
 ∑Physical (2-1) ∑physical(3-1) ∑ Physical(3-2) ∑ Cognitive(2-1) ∑ Cognitive(3-1) ∑ Cognitive(3-2) ∑ Psycho(2-1) ∑ Psycho(3-1) ∑ Psycho(3-2) 
Mary 5 -3 -8 -1 -1 0 2 0 -2 
Kate -6 0 6 -4 1 5 -2 -1 1 
Lora -23 -15 8 -11 -5 6 -4 -4 0 
Margot 11 6 -5 8 6 -2 3 1 -2 
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Table 5-3: Waist-hip ratio (WHR), 5 sit to stand test (5STS) 
 
  
       
 
 
                                                                                                WHR= waist hip ratio, 5STS= five sit to stand test 
 






                               EXSE: Exercise Self-efficacy Scale, HADS-DEP: Hospital Anxiety and Depression Scale (depression part), HADS-ANX: Hospital Anxiety and Depression Scale (anxiety part) 
 
 
Participants WHR1 WHR2 WHR3 5STS1 5STS2 5STS3 
Mary 0.91 0.92 0.91 22.58 23.07 23.14 
Kate 0.91 0.95 0.93 27 27.44 28.14 
Lora 0.9 0.93 0.9 17 16.53 17.03 
Margot 0.89 0.98 0.97 21.27 17.08 18.82 


















Mary 76.25 45 37.5 12.5 3 4 7 4 0 0 1 2 
Kate 2.5 20 0 0 10 10 11 10 2 8 6 2 
Lora 0 47.5 17.5 0 6 3 3 6 12 8 8 9 




Table 5-5: the log in number in WBP website per each month and for each participant 
 
Participants 1st month 2nd month 3rd month 4th month 5th month 6th month  
Mary 15 15 14 13 14 10  
Kate 7 3 0 9 0 0  
Lora 9 6 0 3 0 0  
Margot 18 0 0 5 0 0  





5.7 Qualitative analysis  
Four themes were identified which illustrate the participants experiences for the interventions and of 
the outcome measures used: 1) motivation 2) social support is helpful 3) useful but for the others, and 
4) technology’s cons and pros. These themes are discussed below. Also, physiotherapists revealed two 
themes as: 1) an appropriate intervention but needs improvement, and 2) Need more education. 
5.7.1 Motivation: 
Participants all expressed that they required more motivation to engage with the WBP intervention. 
At first, participants found the intervention interesting, but as the weeks progressed, it became 
“boring,” “tedious,” or “monotonous.” Also, “Scottish” accent of WBP and “old fashion” nature of the 
clips, lack of “oomph” (as Margot said) and “music,” and “very slow and robotic-like” (Margot) were 
also complaints. It seemed that one of the problems was that despite the exercise archive of the WBP 
website having more than 200 different exercise clips, participants felt that the physiotherapist 
restricted the number of exercises she prescribed them. For example, as Margot said: “I’m limited in 
the number of exercises” or “…was the same old exercises repeating all the time…” 
Analysis of the physiptherapist’s transcripts revealed that their limited prescription was often due to 
their unfamiliarity with all the exercise clips: “The name to the exercises didn’t always line up with 
what I thought the exercises would be.” or “It was hard to see what exercises you want without clicking 
on it and watching the video and then deciding that is not what I want” or due to not finding exactly 
the right exercise they wanted to assist the participant with their goals: “…in some scenarios I didn’t 
find the exact exercise I wanted…” There also appeared to be some technical issues in the playing of 
some of the exercise video clips.  
It was, however, not just the selection of WBP exercises that was demotivating for participants, it was 
also the need for extrinsic motivation, in this case from the physiotherapists (after the BP Motivational 
Interview session); “You [physiotherapist] spurred me into action, and I did five mins on the treadmill 
at 2.6 km/hrs express lunch. I feel a lot less guilty now.” (Margot). Also, Margot and Mary suggested 
ways that physiotherapists could provide more motivation in the WBP part; such as “Increasing or 
decreasing the difficulty level of the exercise” or “sending the feedbacks.”  
Mary felt beholden to do the exercise because she was part of the study and had said she would do 
it, knowing that the research could track her engagement via the login function of the WBP: “I did 
them because I had to do them, and use the computer, the internet and um… and I’m not a great liar, 
so I did do it as requested”. She did, however, motivate herself further by using the “Action plan” 
technique to engage in the more physical activity. 
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5.7.2 Social support is helpful: 
In the second theme, participants expressed their need for social support; as Margo said: “It is also a 
good idea to be able to have a contact where, if you feel you can so a bit of exercise you have got some 
advice, ah that you can either drop an email or text somebody who knows, who you know has got your 
best interest at heart”. Mary suggested: “I suppose like a Facebook page…” Likewise, Kate said: “I like 
the idea of support. I have got a good support group around me … when I need them, I can contact 
them… so that is good.” For example, Margo would like to have a personal relationship with the other 
participants to compare herself with them: “How well they were doing and what they were feeling.” 
Also, she thought that this relationship might be helpful to have to provide more motivation: 
“…because I know when I talked to Mary at one of the meetings that she was doing it every day, and I 
thought oh I’m a bit slack here I better get cracking more.” 
5.7.3 Useful but for the others? 
Some participants believed the intervention might be more useful for the other people with MS. For 
example, Kate stated that the intervention would be more helpful for people with higher levels of 
physical activity. She thought the time duration of condition affect the usefulness of the intervention.  
“But hopefully something good comes out of the whole programme…I guess some people would have 
been at different levels of exercises … Because I’ve had MS for 30 years, 15-20 years ago I was a lot 
more active than I am now.” 
Furthermore, Margot mentioned that the intervention might be more helpful for RRMS rather than 
SPMS or PPMS due to the less sever nature of RRMS compared to SPMS or PPMS.  “Would work well 
with people who maybe have relapsing-remitting MS not so much um, secondary progressive or 
[primary] progressive.”  
Likewise, Kate stated that the intervention could improve the motivation of participants who were 
less motivated than herself “I can see it encouraging people maybe not quite as competitive as I am.”  
5.7.4 Technology cons and pros: 
Participants reported advantages and disadvantages regarding the technology. These pros and cons 
fall into three categories; 1) the acceptability of the telerehabilitation concept, 2) using activity 






5.7.4.1 Telerehabilitation concept: 
Most participants found the idea of using the technology to increase their physical activity acceptable 
and feasible with statements such as: “I think the idea is really good especially for rural people.” or 
“Good as gold, yes yes, it was fine.” 
Participants felt that this concept could overcome some of the barriers that they faced to be more 
active. For example, three of the four participants complained about transportation problems. 
However, two of them could drive. Transportation barriers could be classified in two different ways. 
Firstly, dependency on other people: “I can’t get into town you know without my husband.” (Kate) And 
secondly, the long distance from traditional rehabilitation centres: “Face to face would probably work 
for those closer to Dunedin, but I’m a 3-hour drive from Dunedin so at this stage either Skyping or 
telephone.” (Margot) 
Another major barrier was hot weather; being able to stay at home and do exercise via 
telerehabilitation rather than go out to do it was appealing: “I haven't been very good lately at any 
exercises due partly to the VERY HOT weather here.” (Margot) 
5.7.4.2 Using the activity monitors: 
One aim of this case study was to evaluate the usefulness and wearability of two types of activity 
monitors. Two contrasting views were expressed by participants. Four participants expressed overall 
dissatisfaction with using SensWear. Complaints about the SensWear included bulkiness, noise, 
soreness and rash at the site where SensWear was worn (usually the upper arm). For example, Margot 
described: “That is very uncomfortable on especially when you are sleeping.” Kate expressed: “Very 
bulky and heavy.” Mary said: “Very intrusive.” Lora complained about “the rashes” that using the 
SensWear caused. 
Participants however differed in their views about using the Garmin Vivo active. As previously 
mentioned, it was not compatible with two participants’ computers. Thus Mary and Kate could not 
comment on it. Regardless of specific technical problems, Margot said she was technologically 
incompatible and could not work the device: “Hi-tech is not my thing” or “Technology and I just seem 
to be incompatible.”. Lora, however, loved it: “I loved the watch” (Lora) and its ability to monitor her 
physical activity:  “you’d reached your goal for the day, it buzzed, and it was all the fireworks on the 
screen, and it made you feel really good ……… I think the watch, it was like somebody was there keeping 




5.7.4.3 Using their computers, WBP website and the connection methods: 
The other main sub-theme of the technology pros and cons was the participants’ perceptions, 
complaints, and points of view about their computers. Some of them expressed negative  views such 
as forgetting the password of the website or forgetting to tick the completion box in the WBP website 
that showed whether the participant had completed the exercise or not: “I kept forgetting to go onto 
the website” or “I lost the piece of paper, I forgot my password.” 
However, there was an overall satisfaction regarding using the computers, log into the website, and 
using the website contents: “Easy, yeah no problem” (Mary) or “it was easy to load onto and get onto 
I just used to put it on my IPad and prop it up on the sofa and um, go ahead.” (Lora) 
In terms of the website diary, all participants tried the diary as a method to make contact with the 
physiotherapist, however, because of the one-way nature of the diary (it is readable at the researcher 
and physiotherapist end, but they are not in turn easily able to feedback on the diary content), 
communication between the participants and the physiotherapists converted to email or text 
messages as faster and easier than the diary. As Kate stated that:” The diary is a good thing … The few 
times I used it”. 
Email or text was the prefered method of contact as participants felt that the telephone would be 
inconvenient: “Someone like [physiotherapist] wouldn’t want to ring just in case that person is resting 
or whatever.” 
Also, Lora mentioned that because of her job the text or email was the best contact method: “If they 
were in the middle of something, they can’t always discuss something on the phone at that time, but 
when you’ve got a text, you’re knowing that somebody’s there and it gives you opportunity to contact 
them back.” In contrast, Margot preferred verbal methods such as telephone or Skyping rather than 
text or email. However, she used email more often than the text. 
5.8 Physiotherapists: 
Each participant had two face-to-face sessions (total of eight sessions). Initially, only one Research 
Physiotherapist (Kim) was to work with all four participants for the entire case study. However, due 
to a change in Kim’s personal circumstances, a second Research Physiotherapist (Suzan) was also 
recruited. Kim and Suzan worked with two participants for one session, and Kim was available for all 
other four sessions. Participants were able to remain in touch with physiotherapists by text, email, 
and phone or, through their online diary. Both physiotherapists were interviewed and from this 
analysis two themes were identified: 1) An appropriate intervention but needs improvement, and 2) 
need more education. 
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5.8.1 An appropriate intervention but needs improvement: 
Both physiotherapists stated that they were happy with the concept of the combined interventions: 
“It definitely could be a good concept” (Kim) or “It has been good trying to help them” (Suzan). 
However, they believed, the intervention could be improved. This improvement could be in three 
different ways.  
Firstly, the website exercise web page needs to to be better organised so exercises can be found more 
easily. A technical issue caused problems for the physiotherapist watching exercise video clips through 
the website. “it was hard to see what exercises you want without clicking on it and watching the video 
and then deciding that is not what I want” Suzan said. Or Kim stated “in some scenarios I didn’t find 
the exact exercise I wanted but often it was” 
Secondly, a more comprehensive goal setting definition was required. Although increasing physical 
activity is an appropriate and vital goal, the physiotherapists felt it needed to be broken down in to 
more achievable sub-goals. For example, Suzan said: “I think your goal of just increasing physical 
activity is a good goal. But, I think you need to then say what that means for this person as in ……” The 
concept of dividing the physical activity to sub-goals such as balance or gait retraining exercises may 
be helpful to motivate participants: “If you made it more around their goals you are probably going to 
have them continue doing it at home for longer than if it is just a stock sort of standard exercise 
programme.” For instance, Margot had expressed: “… I thought that might have happened before and 
after to see if there was any physical improvement in muscle strength or balance and there wasn’t.” 
Thirdly, the physiotherapists felt the WBP intervention required more motivational aspects; using a 
single website without enough human-to-human relationship may be not effective. Suzan said: “I 
wonder how long they um, continue with the exercises if there is no regular check-up or feedback” or 
“it could get boring after a while if they are just given one programme and told to go do it.” Kim took 
the same position: “Trying to motivate people from a distant I think it quite difficult.” 
5.8.2 Need more education: 
Need for more education for both the physiotherapists and participants was expressed. Education was 
required across a range of topics, including knowledge MS, the technology utilised in the WBP 
intervention (“We spent a lot of time trying to get the programme [WBP] to work rather than spending 
the time teaching the people the exercises."), and strategies  to increase participant motivation to be 
physically active, for example in motivational interviewing. Although a modified form of motivational 
interviewing is part of the BP intervention, the physiotherapists thought it would be good to have 
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further in-depth training: ““I think that would be a good idea [the motivational interview training], I 
only touched on that briefly last year for one of my post grad papers.”  
5.9 Discussion: 
The first question asked in this study was about the acceptability of combining the two interventions 
(WBP and BP) to create a new approach for encouraging pwMS to do more physical activity. Based on 
the participants and physiotherapists themes that were revealed from their interviews, and also their 
adherence to the programme (Table 5-5), it seems that the combination may be practical but needs 
further adjustment. Two key problems were identified in the implementation and participant 
involvement in this new approach, technology implementation and motivation. 
Implementing the technology of WBP was challenging for most participants, and they required 
considerable assistance from the physiotherapists and the researcher to use it. The physiotherapists 
also found issues with trying to identify appropriate exercises for participants because not all of the 
exercise video clips were easily accessible. 
The second critical issue was the participants motivation. It seems that some factors identified in the 
WBP component such as different accents on the clips (Scottish accent), lack of music and oomph in 
the clips, caused disappointment in some but not all the participants. The motivational problem was 
not reported in the BP section. To clarify, based on Table 5-5, three out of four participants chose 
another exercise in the BP part rather than the WBP or at least they never used the website for the 
majority of BP time span. In contrast, In the BP part, one of the participants liked to continue her WBP 
part exercises as well as her BP part as well. This conflict may have occurred for a variety of reasons. 
First of all, the connection of physiotherapists and participants in WBP was a one-way connection 
rather than the two-way connection that the participants and physiotherapist had in the BP section. 
The other reason might be due to the change in the physiotherapist for two of the participants in the 
WBP to the BP part that broke the connection between them until the second face-to-face meeting in 
the BP. According to some studies, BCIs of “Graded task” and “Behaviour feedback” are two 
techniques that can be used to increase motivation (44, 46). In line with this finding, Table 5-5 showed 
that higher attendance was recorded on the WBP website in both the first and fourth month, when 
participants received more feedback from the physiotherapist, rather than in the other months. In line 
with these results, the previous study on the effectiveness of WBP on pwMS showed the same result 
of a decreasing trend from 2.1 sessions per week in week one, to 0.9 sessions per week in week 12 
(41). Also, use of the Motivational interview may increase the participants motivation and so the 
motivational complaints were decreased in BP part. The physiotherapists complained that researchers 
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did not provide sufficient information for them to understand and teach the motivational Interview; 
as a result they had to use their undergrad notes. 
Another point expressed by some participants was that the intervention could be effective, but for 
other people with different characteristics. However, this suggestion may actually be an excuse to 
explain why these participants were not engaging in more physical activity themselves. It seems that 
the main reason for this excuse may be the participants low level of exercise self-efficacy as indicated 
by the EXSE results for these two participants.  Previously, a significant correlation has been shown in 
which higher levels of disability related to lower levels of the exercise self-efficacy (8). Also, the 
previous study on BP showed no significant effectiveness on self-efficacy (48). Similarly, the 
mentioned quotes related to the lower level of EXSE results among the intervention’s participants, 
and not from the better EXSE level participants. Therefore, more research may be warranted on the 
effectiveness of the intervention on self-efficacy.  
More social support was another one of the identified themes. Participants spoke about their need 
for support from the other participants or specialists. Michie’s taxonomy identifies “Social Support” 
as one type of BCIs (156). In line with this finding, Duff et al. in their systematic review mentioned that 
“Social support” is the third common BCI (46%) among physical activity telerehabilitation 
interventions for cardiovascular people (293). Similarly, Williams et al. pointed to a significant effect 
from the use of this BCI to increase physical activity in more healthy people (46). Embedding a form 
of social support to support people into physical activity may be extremely important when people 
use telerehabilitation interventions in their homes as this could increase the sense of “isolation” 
(Mary). Demiris et al. in 2004 mentioned that the social supports that are provided by E-health 
methods could decrease the participant's isolation for those who lived in rural areas (294). They stated 
that these supports can be conducted via telephone, text, or telemeetings (294). Bearing all this mind 
it seems that an improvement in the degree of connection with the participants is needed in my 
intervention.  
“Barrier identification” was the other BCI identified by participants. The barriers may be identified by 
participants or physiotherapist. Identifying barriers enabled the finding of  better coping strategies via 
problem solving. Based on the description of BP in chapter four, problem solving by participants was 
strongly encouraged and facilitated by the physiotherapists, as opposed to solutions being suggested 
by the physiotherapists. As further clarification, three participants out of four used their exercises such 
as using the treadmill or stationary bike for the BP part rather than using the WBP website clips. This 
fact can be explained by the nature of the research interventions (WBP and BP) as BP is a choice based 
intervention. Therefore, it may be reasonable to conclude that it is more effective  for participants to 
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choose their own solutions rather than simply accept those suggested by the physiotherapists. Also, 
the stage of change that each person was in may have been another reason. In other words, according 
to TTM different people with different change stage may choose different strategies to increase their 
self-efficacy. It could be a limitation of this research that the change stage was not asked. For instance, 
Mary used the login function of WBP as a motivator to do regular exercises. It seems that she used it 
as “Action plan” technique to have more physical activity. As I showed previously in Chapter three, 
the meta-analysis illustrated that “Action plan” has a homogenous significant medium effect size (Z = 
2.87, P = 0.004, I² = 0%) of effectiveness on physical activity in pwMS. Previously, Williams showed a 
significant correlation (p<0.009) of using “Action planning” with improving the physical activity (46).  
Therefore, it can be understood that using the action plan may help the research participants to 
maintain adherence to the physical activity.  
Another question of this study was how acceptable, appropriate and suitable to evaluate the desired 
health benefits were the chosen outcome measures. Regarding the measurement of physical activity, 
the SensWear was found to be limited in its practicality as it was considered by participants to be 
“bulky”, “scratchy”, and “noisy”. Recently the company (BodyMedia Inc., Pittsburgh, PA, USA) that 
manufactures SensWear announced it would terminate the production of SensWear, therefore, it is 
not available for future studies. The Garmin Vivoactive was also not optimal. It demonstrated 
compatibility issues with some computers, tablets, and mobile phones (even though some were not 
old models) and thus two of our participants could not use it. Two participants were able to use the 
Garmin. However one of these participants stated that she did not like using electronic gadgets while 
the other loved using it. This discrepancy in the use of electronic gadgets was not surprising and is 
explained by the social identity theory (295). According to studies (296, 297) on electronic devices 
usage, user social categories may include age, community, gender, purposes for using technology and 
technology awareness. Therefore, learning new digital skills or using new technologies may be 
influenced by social identity, for example, the participant who liked the Garmin was a postgraduate 
student and thus may have been more exposed to the use of technology. The participant who did not 
like technology may have had less exposure to it and her emails and interview reflected this. In one 
email she wrote “I even asked a friend’s 12-year-old son if he could work it out”, illustrating her 
expectation of a different generation’s ability to deal with technology. Another reason of technology-
avoiding may be that the rural participants are exposed less to technology than urban participants. In 
line with this, Salemink et al (298) reported in a systematic review that rural areas frequently have less 





One issue with the Garmin Vivoactive is that it was also designed to motivate physical activity. The 
device counts steps and compares it with a goal (defined either automatically by the device or by 
personal setting) to show participants how they are doing and encourage them in more physical 
activity (using the BCI “Monitoring with feedback” technique). Thus the use of the Garmin Vivoactive 
to measure physical activity may actually be a source of bias, in that it also encourages physical activity 
engagement therefore it is difficult to measure whether activity is being motivated by the intervention 
or the Garmin Vivoactive. 
The GLTEQ questionnaire, although practical and straightforward to use had its limitations. It asks 
respondents to report physical activity engagement in bouts of 15-minute activities. If an activity time 
is less than 15 minutes, it automatically equates to zero. In the current study, the physical activity of 
one of the participant was calculated as zero in all the evaluation steps however her physical activity 
was increased to three sets of 10-minutes activity. The GLTEQ may not, therefore, be appropriate for 
people who do short bouts of physical activity, for example, pwMS with moderate to severe disability. 
The other outcomes that we tested were the body function and objective composition measurements. 
The WHR test showed a similar trend of increasing then decreasing in all the participants whereas a 
5STS test that in almost all of the time span was unchanged in all the participants. According to WHO 
WHR test manual, the inter and intra error of WHR measurement was reported as a range between 
1.23 to 1.56 cm (299), this correlates to a 1.5 to 2 percent error in the present research. The change 
of ratio is less than 2% in three of the research cases which means this can be assumed as consistent 
result. This result is in line with Lambert study 2002 (300) that mentioned the same results of 
unchanged compositional outcomes.  
Regardless of the results that each one of the research questionnaires (included MSIS-29, MFIS, EXSE, 
and HADS) obtained, use of them was convenient and practical without any noticeable problems. 
None of the participants mentioned any problems about their questionnaires contents or 
misunderstanding of them. 
Regarding the limiting factors of the feasibility of this study, the primary issue arose from technical 
and technological problems; 1) Old computer systems 2) The low-speed internet 3) The lack of 
information technology knowledge. Old computer systems may consist of hardware or software. 
Some systems were still working correctly. However, they could not install the support software for 
the Garmin devices. At least in two of the cases computers, the RAMs and processors were too old to 
cover all of the requirements of the Garmin device. Also, the software of both of these two computers 
was not up to date, and the updating of their hardware was not possible. Surprisingly, some of the 
devices such as tablets or mobile phones were not very old. For example, Kate’s mobile: the model 
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was introduced to the market in 2011, and the handset was manufactured in 2013. However, it was 
unable to install the application. The researcher also faced the problem of low-speed internet: this 
happened when the physiotherapist tried to show a clip to Mary in the first face-to-face session at her 
home. After less than 10 minutes, the problem was solved, and the clip was rerun. The researcher’s 
follow-ups in this respect did not find any other significant problems. Lack of computer knowledge 
was a wide spread problem because of the participants age; this was not unexpected. All the 
participants had some computer operational knowledge. However, profound knowledge to solve an 
unexpected problem was rare. At least one of the participants showed some phobia of technology. As 
mentioned before, she stated that usage of gadgets increased her anxiety. The participants 
statements in the second face-to-face sessions and their emails showed that they liked to 
communicate with the physiotherapist by use of telephone than the other mode of communication. 
5.10 Conclusion: 
The findings of this POC study showed that both participants and physiotherapists were challenged in 
their use of technology to measure physical activity. Also, the physiotherapists felt ill-prepared to 
deliver the BP intervention and found it technically difficult to choose appropriate exercises in the 
WBP intervention. In contrast, social support, connecting to specialists, and professional supervision 
were the aspects that resulted in the participants’ satisfaction. Over all, the combined intervention 
was acceptable but required more evaluation and amendment. 
Accordingly, the following suggestions need to be implemented in the next stage of developing and 
evaluating the combined intervention:  
 The physiotherapists delivering the intervention need more education on the following points:  
the rationale of the two interventions and combining them, use of the WBP website, and 
familiarisation with all the exercises provided as well as some troubleshooting sessions, and 
more training in the use of motivational interviewing and how to use it in the BP interventions. 
 Due to the technological problems found using the activity monitors, the next study will only 
use the GELTEQ to measure physical activity. 
 Due to the acceptability and practicality of use, the MSIS-29, MFIS, EXES, and HADS 
questionnaires will be used in the next study. 
 Because of the limitation that the body composition outcome measures showed when they 
were applied as a self-management tools, they no longer will be used in the next study design 
and procedure.  
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In the next chapter, I describe the feasibility study that was conducted to further evaluate the 
combined intervention, drawing on the knowledge gained from this proof of concept study. The 


































Chapter Six: Developing an intervention to promote physical activity 
engagement for people with multiple sclerosis living in rural settings: 




In the POC study described in chapter five, the combination of two interventions WBP, and BP were 
found to be acceptable to all four participants. However, due to some changes that I made in the 
design and procedure of the POC study, I went on to develop a larger feasibility study that aimed to 
recheck the acceptability and investigate the feasibility of intervention. In this chapter, I report on the 
rationale, aims, methods and results of this study. 
6.2 Aims  
The primary aim of this feasibility study was to explore whether a combination of a 12-week WBP 
followed by the BP intervention was acceptable to and feasible for those involved in the programme. 
Secondary aims included evaluating the potential benefits and success in terms of 1) potential health 
benefits (effect size) of those interventions for pwMS, and 2) success of the recruitment strategies.  
Specifically, the research questions asked in this feasibility study were: 
 Was the combination of WBP and BP interventions feasible and acceptable to pwMS and the 
physiotherapists delivering these interventions? 
 How long was the participants adherence to the programme? 
 How many web-based exercises were used by each participant? 
 Were the recruitment strategies successful? 
 What were the potential benefits of pwMS regarding: 
o Physical activity engagement 
o Quality of life 
o Fatigue 
o Anxiety and depression 
o Self-efficacy 
o Physical Activity Stages of Change 
6.3 Design: 




I aimed to recruit twenty pwMS and participants were randomly allocated to two groups. For the 
randomisation process, pwMS were randomly allocated to the experimental group (WBP and BP in 
combination) or a wait-list control group by a research administrator (independent of testing and 
intervention delivery). The opaque envelope method was used as the research randomisation and 
allocation method. A research administrator used two identical envelopes of which one contained a 
slip of paper with “C“ on it (for the control group) and one with “I” on it for the intervention group. 
Then, they shuffled the envelopes, chose one, opened it, and assigned the participant to each group 
accordingly. 
6.5 Measurement protocol: 
Each participant in the intervention group had four measurement sessions: 1) baseline, one week 
before intervention, 2) after 12 weeks (WBP intervention), 3) after 24 weeks (BP intervention), and 
finally, 4) 6-months from the end of intervention follow-up (one year after baseline). The control group 
participants had five evaluation sessions: 1) baseline, 2) after 12 weeks (wait-list control period), 3) 
after 24 weeks (wait-list control period), 4) after 36 weeks (after 12 weeks of WBP intervention), and 
5) after 48 weeks (after 12 weeks of BP intervention). The study was approved by University of Otago 
Human Ethics Committee (Health) and was registered in the Australia and New Zealand Clinical Trials 
Registry (ANZCTR) (registration ID: 371190). 
6.6 Sample size: 
I aimed to recruit 20 participants into the study. Feasibility studies focus on determining the 
conceivability of a conducted intervention rather than determining effectiveness, therefore a formal 
process to estimate sample size such as a power calculation is not necessary (301-303). However, one 
method to estimate sample size to determine feasibility is to base recruitment on participant numbers 
used in other similar studies (304). Therefore, the sample was decided based on the Finkelstein et al. 
study (2008) that recruited 20 people with MS (169) for a feasibility study. The similarity of this study 
to my research regarding using the telerehabilitation, feasibility study design, home-based setting, 
and recruitment of pwMS were the reasons that the Finkelstein et al. study was chosen. 
6.7 Inclusion and exclusion criteria: 
Inclusion criteria: this study included adults (aged 18 years or more) with MS of any type, with a mild 
to a high level of disability according to EDSS scale and who lived rurally (as determined by their home 
postal address). Having a computer and internet access (compatible with Zoom© or Skype™ and with 
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WBP) and basic computer skills (or having a person who could help them to use a computer) was a 
prerequisite. 
Exclusion criteria: participants were excluded if they already regularly engaged in physical activity (for 
example, already regularly attending a gym), exercise or rehabilitation programmes or were 
participating in other clinical trials, had current or recent disease relapse (< 3 months), and had co-
morbidities that prevented them safely from taking part in physical activity (such as unstable angina 
or neurological or orthopaedic conditions that would comprise safe involvement). The Physical Activity 
Readiness Questionnaire (PARQ) was administered to assess the latter criteria (262), and an 
affirmative answer in the participant’s PARQ required the participant to check with their General 
Practitioner (GP) as to the safety of participating to omit any potential harm. 
6.8 Recruitment: 
Volunteers were recruited via the Otago and Southland branches of the NZ MS Society (MS Otago). 
The branches distributed study flyers to rural members identified by their residential postal address. 
Also, the Society put the research flyer on their Facebook page and website (305). 
Furthermore, local physiotherapists (based in private practice) and GPs in Otago, Central Otago and 
Southland were asked to introduce their MS participants to this study. I also advertised the study on 
our School of Physiotherapy web page dedicated to BP (306). 
PwMS interested in participating were asked to contact the research administer via email. Although I 
set out to recruit a heterogeneous sample (age, gender, and type of MS), because of the difficulties 
recruiting I accepted any volunteer who met the inclusion criteria. All participants were asked to 
provide signed informed consent before participation.      
Overall, using the assistance of the Otago branch of the MS Society was not successful due to a change 
of research officer. Therefore, recruitment was not steady and even. For example, ten people were 
recruited in the first two months of study, but after the change in the MS Society personale, no more 
recruitment took place from this source. Other strategies used were publishing an advertisement on 
the School of Physiotherapy website and in some local newspapers but these were also not successful. 
Due to incomplete recruitment, inclusion of a new geographical area was considered. Therefore, 
sending emails and postal mail to GPs and physiotherapists in South Canterbury was started during 
the seventh month of recruitment and finally in the tenth month, recruitment recommenced and was 





The 12 weeks of WBP were delivered via a website designed and evaluated for pwMS (52), containing 
a library of over 300 exercises, each exercise page consists of a video clip, audio, and text description 
of each exercise and a timer. After the POC study, 100 more exercises were added to the exercise 
pool. However, the overall shape and appearance of the website was the same as that used in the POC 
study. 
Two NZ registered physiotherapists had one face-to-face visit with each participant. Based on this first 
visit, exercise goals with the participant were agreed, and an individualised exercise programme 
prescribed using the web-based resource. Participants were asked to complete a digital diary of 
exercise participation via the internet, available for remote viewing by the physiotherapist who could 
alter the patient's programme, dependent on progress, and monitor adherence and adverse events. 
After 12 weeks of WBP, participants then received the BP approach for 12 weeks (42, 53). Participants 
were contacted via a teleconference, Zoom or Skype, or a telephone call by the same physiotherapist 
and, using the technique of motivational interviewing, together they decided on a programme of 
physical activity (the participant chose a physical activity that they would like to do, how often and for 
how long). 
The reason that the face-to-face meeting was decreased to one (in comparison with the POC study 
which used two face-to-face meetings) was geographical, with time and financial implications. In the 
POC study, participants were recruited from Otago and Central Otago regions, a travel distance of 
about 100 to 150 Km for the physiotherapists to visit participants. In this feasibility study recruitment 
was expanded to the Southland and South Canterbury regions, increasing the possible travel distances 
to between 200 to 250 km per visit. 
The physiotherapist conducted the second interaction with the participant via teleconference 
approximately two weeks later, providing further advice or information. In the third interaction via 
teleconference (12 weeks later), the physiotherapist asked the participant to identify any barriers to 
ongoing physical activity participation, encouraging the participant to problem-solve to maintain 
engagement. During this 12-week period, the therapist and the participant also were in contact via 
telephone, email or text message to enable the physiotherapist to support the participant’s 
engagement in physical activity. Also, the WBP website was accessible for the participant to use until 
the follow-up session (one year after baseline).  
The control group continued with their usual routines for six months following which they received 
the combined intervention as described above. 
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6.10 Physiotherapists training: 
Prior to the study, the physiotherapists were trained in the intervention procedure, both the WBP and 
the BP interventions and with motivational interviewing. The training session was conducted by the 
research team with two physiotherapists (one (PT2) was present, and the other (PT1) joined via Zoom). 
Because of some technical problems the PT2 then had, a further face-to-face troubleshooting session 
was individually conducted for her. 
Both physiotherapists also received an informational manual explaining both interventions. This 
manual comprised two different sections. The first section was a 14-page instruction on how to use 
the WBP website, illustrated with computer screenshots (Appendix 2). The second section (341 pages) 
consisted of all the BP and WBP interventions publications and a publication of motivational 
interviewing. Also, a comprehensive report of BCIs (Michie taxonomy and BCI description) was 
included in this section. 
Prior to the BP intervention starting, a motivational interviewing 2-hour-workshop was conducted for 
both physiotherapists by a trained motivational interviewer. One physiotherapist connected to the 
workshop via Zoom and the other one attended personally. With the help of role-play, the concept of 
motivational interviewing was taught. Participants received the training PowerPoint slides and 
documents (22 slides and 3-page instruction) a week prior to this workshop so they could prepare for 
it (Appendix 3). 
6.11 Evaluation: 
Based on the findings of the POC study, I made some changes to the outcome measurement. Namely, 
I withdrew all the objective physical activity monitors due to the limitations described in the POC 
study. Also, the Physical Activity Stages of Change—Questionnaire was added to the feasibility study 
to provide a better understanding of any potential relationship of the Trans-Theoretical Model change 
stages with the combined interventions (WBP and BP). 
6.11.1 Primary: 
The feasibility and acceptability of participating in the trial and in the combined interventions were 
evaluated using three sources: 
1. A qualitative evaluation 
2. The WBP attendance and diary 




6.11.1.1 Qualitative evaluation: 
To understand the feasibility of the trial and the combined interventions, it was decided to capture 
the opinions of both participants and the two physiotherapists involved. To explore perceptions of the 
combined interventions, outcome measures, and any adverse events, semi-structured, in-depth 
interviews were held once, via Zoom or Skype or telephone call, at the completion of both 
interventions. To reduce any potential bias, an independent professional interviewer conducted these 
interviews. Questions for this interview were generated based on the questions used in the POC study. 
These questions were debated and discussed by the researcher, the interviewer, and a member of the 
supervisory group and a final question guide finalised (Boxes 6-1 and 6-2). Each question could be 
followed by some more questions if relevant. The interviews were audio-recorded by Zoom 
application facilities or the other recording applications that were installed on the interviewer’s 
computer to record the Skype or telephone calls, and then transcribed verbatim by a commercial 
transcription company (276, 277). 
6.11.1.2 WBP attendance and diary: 
Participants used the diary on the WBP website to report any difficulties encountered on the WBP 
website and also recorded on the WBP site when they completed each of their exercises. This 
information was evaluated in conjunction with any relevant information in emails, text messages, or 
telephone calls between the participant and the physiotherapist. Completion of the exercise diary on 
the WBP was taken as a record of their physical activity participation during the WBP intervention 
phase. 
6.11.1.3 Completion and attrition ratios: 
Completion and attrition ratios were also used as indicators to evaluate acceptability and feasibility. 
Participants were assumed as a “complete case” if they finished 12 weeks each of both interventions. 
Therefore, if a participant did not participate in the 24-week assessment, they were withdrawn from 
the calculation. A completion level of greater than 95% was chosen as an indication of “high” 
feasibility/acceptability and between 80 to 95% of “reasonable” feasibility/acceptability (307).  
6.11.2 Secondary:  
At the baseline measurement session, demographic data (sex, age, type of MS, medications and the 




Box 6-1: The question guide for participants interview 
1. What were the reasons that made you decide to participate in this research study? 
a) What were your expectations about what you would gain from participating? 
2. I understand that you met with a physiotherapist face to face at the beginning of the study? 
Please tell me about that meeting. 
3. The first 12 weeks of the study involved you using your computer to access details of an exercise 
plan that you had agreed with the physiotherapist. Please tell me about how completing your 
exercises with the support of a computer-based programme went for you? 
a)  How did you get on with your exercise plan in the first 12 weeks? 
b) What did you find were the advantages and disadvantages of a computer-based 
exercise plan? 
c) What do you feel you achieved by completing the exercises in your plan during the 
first 12 weeks of the study? 
d) What helped you or hindered you in terms of completing the exercises in your plan 
during the first 12 weeks? 
e) I understand you used a diary on your computer to make notes about how the 
exercises were going and that the physiotherapist looked at your notes to find out 
how things were going. How did you feel about communicating with the 
physiotherapist in this way? 
4. I understand that at the end of the first 12 weeks (so at the start of the second 12 weeks), you 
had a discussion with the physiotherapist by phone/Skype/Zoom. Please, can you tell me about 
that discussion? 
a) During that discussion (at the start of the second 12 weeks), you agreed on some 
goals with the physiotherapist for the next 12 weeks. How did you feel about these 
goals? 
b) What physical activities or exercises did you decide to do for the second 12 weeks? 
c) How did you get on with the physical activities or exercises you had chosen to 
complete over the second 12 weeks? 
d) To what extent do you feel that your discussion with the physiotherapist before you 
began the second 12 weeks of the study helped you in terms of your level of 
motivation to continue? Please tell me about this. 
e) How did you communicate with the physiotherapist about your progress and any 
obstacles you encountered during the second 12 weeks of the study? 
5. Please, can you tell me how you felt about communicating with the physiotherapist in the 
way(s) that you did? 
6. Just thinking back to the discussion you had with the physiotherapist on the phone/SKYPE/Zoom 
at the start of the second 12 weeks of the study where you agreed on some goals, do you think 
you achieved those goals? 
a)  What helped you or hindered you in achieving your goals? 
7. To what extent were the expectations you had at the beginning of the study actually met? 
                       a) How do you feel about having taken part in the study? 
8. Do you think your participation in the study will influence the physical activity or exercise that 
you do in the future? If so, please tell me about this.  
a) Do you think your participation in the study will influence you in any other ways in 





Box 6-2: The question guide for physiotherapists interview 
1. I understand that you met face to face with participants at the start of the project. I would 
like to ask you a couple of questions about that. 
a) What do you consider was the purpose of those initial meetings?  
b) How do you think the meetings went? 
2. I understand that during the first 12 weeks of the project, participants communicated with 
you via their computer-based diary. How well or not did that means of communication 
work?  
a) (If relevant, is there anything that could have made it work better?) 
b)  How did you feel about communicating with participants using the computer-
based diary? 
3. After the first 12 week period, I understand you had a telephone/Skype meeting with 
participants (a motivational interview). I would like to ask you a few questions about the 
motivational interviews. 
a)   How do you feel about meeting at a distance by phone/Skype rather than face to 
face?  
b) Please tell me about the experience of conducting the motivational interviews and 
how you think these interviews went?  
c) For you as a physiotherapist, what were the positives and negatives associated 
with conducting motivational interviews? 
d) I understand that BP involves a number of behavioural change interventions. 
Please, can you tell me in your own words what motivational interviewing means 
to you? 
e) How would you describe your level of prior knowledge of motivational 
interviewing before you embarked on this project? 
f) To what extent did you find it challenging to conduct motivational interviews? 
What was it about motivational interviews that you found challenging (if it was 
challenging)? 
g) How well equipped or not did you feel to conduct motivational interviewing? 
h) What are your views on the training/education you received re motivational 
interviewing? 
i) How useful or not was the manual you were given re motivational interviewing? 
j) What do you think could have prepared you better for conducting motivational 
interviews? 
4. I understand you had a second distance meeting with participants by phone/Skype 2-3 
weeks after the motivational interview. Is that right?  
a) What do you consider was the purpose of those meetings?  
b) How do you think the meetings went? 
c) During the second 12 week period of the study, I understand that participants kept 
in touch with you and you with them by a range of means (phone, text, Skype, 
computer-based diary). I would like to ask you a few questions about that. 
5. Which methods did you or your participants use to maintain contact with each other?  
a) What do you consider was the purpose of these phone calls/ texts/ Skype 
calls/computer-based diary entries? 
b) To what extent do you think the means of communication used by you and your 
participants was effective? 
6. From your experience of working with participants, how do you feel about the use of this 
web-based technology to support physiotherapist input? What worked well? What did not 
work so well? 
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7. Please tell me, from your own perspective, about the best or easiest aspects of the project. 
8. Please tell me, from your own perspective, about the worst or most challenging aspects of 
the project. 
9. How did this intervention sit with your understanding of the role of a physiotherapist? 
10. I would like to talk with you a little more about the web-based technology. 
a) At the start of the project, how comfortable or confident did you feel yourself 
about using the web-based technology? Did your level of comfort or confidence 
change during the duration of the project? Please tell me about this. 
b) At the start of the project, how comfortable or confident did you feel in terms of 
assisting participants to use the web-based technology?  
c) Did your level of comfort or confidence change during the course of the project? 
Please tell me about this. 
d) What are the advantages of using this web-based technology? 
e) What are the disadvantages of using this web-based technology? 
11. From your experience of the project, overall, do you think this intervention helps people 
with MS to be more physically active? If so, what aspects of physical activity are most 
affected by the intervention (prompt if necessary: type, frequency, intensity).  
12. Are there ways in which this intervention could be made more useful? Have you any ideas 
how we could achieve that? 
13. Is there anything else you would like to share with me? 
 
The secondary measures were included to evaluate the effect of the interventions on 1) physical 
activity (The Godin leisure-time Exercise Questionnaire (GLTEQ)), 2) quality of life (MS Impact Scale 29 
(MSIS-29) V2), 3) fatigue (Modified Fatigue Impact Scale (MFIS)), 4) exercise self-efficacy (Exercise Self-
efficacy Scale (EXSE)), 5) anxiety and depression (Hospital Anxiety and Depression Scale (HADS)), and 
6) stage of behaviour change (Physical Activity Stages of Change—Questionnaire). These six 
questionnaires were sent to participants at each measurement point via email. Completed 
questionnaires were returned via email. If the participant had a problem with email or was unable to 
return the questionnaires via email, they were asked to print the questionnaires and complete them 
and return via postal mail. 
The first five questionnaires were described in chapter five (pages 59 and 62). Therefore, the sixth 
questionnaire is described below: 
6.11.2.1 Physical Activity Stages of Change—Questionnaire: 
This tool is a simple questionnaire with four yes/no questions based on the Transtheoretical Model to 
evaluate the stage of change with regards to physical activity engagement (308, 309). For example, 
answering NO to both the first (“I am currently physically active”) and second question (“I intend to 
become more physically active in the next six months”) means the respondent is in the pre-
contemplation stage, whereas a NO to the first question and a YES to the second one shows the 
respondent is in the contemplation stage. A YES answer to both third (“I currently engage in regular 
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physical activity”) and fourth (“I have been regularly physically active for the past six months”) 
questions shows the respondent is in the maintenance stage. If the respondent only answers YES to 
the first question, they are in the preparation stage. Three YES answers to questions one to three and 
a NO to the last question means the respondent is in the action stage. To analyse data from the 
questionnaire, each stage is converted to an ordinal number of 1 to 5. Therefore, the pre-
contemplation and maintenance stages receive 1 and five respectively. 
 
6.12 Data analysis: 
 
6.12.1 Qualitative analysis: 
Based on a qualitative thematic analysis method described by Carpenter (276, 277), the interviews 
were transcribed verbatim and analysed independently by two reviewers (the researcher and the 
interviewer). Firstly, the transcripts were read multiple times to enhance familiarity with the content 
and to begin a preliminary search for meanings, patterns, and concepts within the text that would 
provide the basis of emergent codes. To generate these codes, a manual method was utilised. The 
content of each transcript was reviewed again to clarify the emerging codes. Codes could be a word 
or a sentence that expresses an idea of significance to the research question.  The different codes 
generated were then sorted by similarity into preliminary themes. The two reviewers then met 
multiple times to discuss their coded data. Also, at these meetings, complex sentences and colloquial 
meanings of the data in each interview were discussed and clarified, an important step for myself as 
English is not my first language and New Zealand English has many idiomatic idiosyncrasies. At the 
initial point of theme generation, the POC study themes were used for the categorisation of the codes. 
Then by comparing and contrasting both researchers findings with the POC study themes and with the 
contribution of one member of the supervisory team, the final themes were identified. Then a 
secondary review of all the transcripts was conducted to check that these themes were indeed 
represented and that the generated codes and themes formed a coherent pattern. After five different 
versions of modelling the generated themes, the final relationship model of themes and their 
influences was articulated and illustrated.  
6.12.2 Quantitative analysis: 
The normality of continuous data was tested and confirmed by the Shapiro-Wilk test (310). Non-
parametric tests (Fisher Exact Test) were used if the data sets were found to be not normally 
distributed. For normal distribution data sets, the descriptive statistics were reported, namely mean 
106 
 
and standard deviation. Analysis of variance (ANOVA) was used to investigate the between-group effects 
on the quantitative outcome measures with the simultaneous effect of time and group variables 
(interaction effect) analysed. The significance level was considered to be p<.05. Data were analysed with 
the IBM SPSS Statistics-23 software. Intention-to-treat method was not used to analysis results as analysis 
of efficacy was not an aim of this feasibility study  (311). 
6.13 Results: 
From the inception of the research recruitment to the closing date, August 2016 to August 2017, 22 people 
contacted the research officer, 18 pwMS were eligible and recruited; four people were ineligible (3 = no 
further response to questionnaires, 1 = already engaged in physical activity and a physiotherapy 
programme) and excluded from the study. Of the 18 participants recruited nine were allocated to the 
intervention group and 9 to the control group. The recruited participants lived in Otago (n=4), Central 
Otago (n=4), Southland (n=6), and Southern Canterbury (n=4). Recruitment was unsteady. For example, 10 
participants were recruited from the first days until November 2016. However, no more recruitment took 
place until June 2017, then eight more people were recruited (this unfavourable recruitment pattern will 
be discussed in the discussion section of this chapter). 














SD=Standard Deviation, MS= multiple sclerosis, RR= relapse remitting, SP= secondary progressive, PP= primary progressive, 
*(sig <0.05) 








n (female) 6 (4) 4 (3) 10 (7) n/a 
Age (SD) years 61.83 
(12.07) 
67 (15.28) 64.20 
(12.98) 
0.51 
PDDS (SD) 4.25 (0.5) 3.33 (1.96) 3.7 (1.56) 0.092 
MS Duration (SD) 
years 
23.83 (9.16) 14.4 (8.53) 17 (9.78) 0.071 






RR 2 2 4  
SP 2 2 4  
PP 1 0 1  
Unknown 1 0 1  
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Therefore at the time of completing this thesis, 10 participants had completed the intervention 
(intervention = 6, control = 4) and all measurement points, but eight participants were still in their 
intervention stage. Table 6-1 shows the demographic characteristics of participants by group 
(intervention/control) at baseline. There was no significant difference between the control and 
intervention groups regarding age, PDDS score, MS duration, and MS diagnosis time. 
 
 
6.14 Qualitative results: 
 
6.14.1 Qualitative findings: 
Thematic analysis of participants’ and physiotherapists’ interviews revealed an overarching theme I 
coded the “human-human relationship”. Under this umbrella theme were three central themes: 
“Motivation”, “Education”, and “Technology”. Motivation included three sub-themes: “Why did I want 
to participate?”, “What made me keep going? (Both WBP and BP)”, “What made me flag?” Education 
comprised two subthemes: “Coaching for the participants” and “Education for the Physiotherapist”. 
Technology however was a unique theme that had no subthemes. These themes and subthemes are 
described below. In this description, “participants” refer to the pwMS participants and these 
participants are identified by initials (which are “pseudonyms”). The two physiotherapists interviewed 
are referred to as PT1 and PT2. (See Figure 6-1) 
6.14.1.1 Motivation: 
The first identified theme was “Motivation”. Some participants expressed that motivation was an 
important factor for them throughout the study. “Motivation is the most important item for me” or 
“Motivation was more of a barrier than fatigue [to be physically active]” (DB). This theme comprises 
three subthemes as detailed below: 
6.14.1.1.1 Why did I want to participate? 
Participants motives to join the intervention differed. The primary motivators for some were the lack 
of a facility “no facilities here ….” (DB) or neurorehabilitation physiotherapist in their area “lack of 
neuro physio in rural area” (LL). In contrast, two participants with better access to rehabilitation and 
exercise facilities thought that with joining the programme, they did not lose anything or at least were 
doing something more to improve their condition. For example, “Nothing to lose”  (GM), or “some 
exercises that were going to help me” (GS). The motivation of one participant was the satisfaction of 
less sedentary behaviour: “likely a wee bit more movement, a bit more mobility back” (GM).  
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6.14.1.1.2 What made me keep going?  
The second subtheme was the ways each participant used to increase or keep their motivation to 
continue their intervention. Some stated that they hoped that the programme (WBP) would motivate 
them to be more physically active. For instance, DB mentioned, “When you don’t have exercise 
facilities computer can be motivational.” Many participants talked about the motivational influence of 
the physiotherapist “It was quite good.  She listened to what I was looking for and um, she gave me 
desire to do it” GS said. Alternatively, “she was motivational” (LL) or “Motivation is the most important 
item for her [physiotherapist]” (DB). It seems that the existence of an expert (a physiotherapist) and 
their relationship with them are the most effective part of the whole programme to motivate them to 
be more physically active. In other words, the main feature of this programme was the 
physiotherapists and their relation to the participants rather than the other tangible parts of the 
programme, such as the website or the video clips. GS said; “if you have got to get up in the morning 
and actually physically go somewhere and have somebody tell you what exercises to do, that is 
different to getting up and looking at the computer, and saying, I have got to do this today”.  
It seems that it was not acceptable that the physiotherapist-participants (human-human) relationship 
should be substituted with a machine (machine-human) relationship and the notifications that this 
machine can send to them “Computer can’t be a motivator”(GS). Similarly, DB said after the first face-
to-face meeting and with more use of a computer rather than the human-human relationship, her 
motivation decreased “And I guess as time went on I got less motivated”. One participant even rated 
the Skype meetings as more motivational when compared with emails because of its more human 
contact nature “Skype helped keep you motivated, an email doesn’t do it” and eye contact “[Skype was 
good as face-to-face because of] eye contact” (GS). It seems that the soul of this intervention were the 
physiotherapists and without them (enough human-human relationship) it would not be an 
appropriate intervention “you are more likely to ask questions face-to-face than typing them on a 
computer” (GS). Likewise, the physiotherapists revealed similar point of views “it’s a great tool, but I 
certainly do not think that it replaces physios and everything that we do for patients” (CF). This finding 
of the importance of the human-human relationship on motivation was further strengthened by the 
finding that participants did not use the WBP diary to record adverse events or progress, preferring to 
contact the physiotherapists directly. The latter was not related to problems using a computer or a 
lack of computer knowledge, as it was reflected in those participants with adequate computer 
knowledge. For example, GM was a participant who was “computer savvy”, yet he wished that every 




Participants also talked about factors that helped them to continue engaging in the intervention once 
in the study. Some stated that they hoped that the programme (WBP) motivated them to do more 
physical activity. They believed that with the lack of exercise facilities, the internet and computer 
might be helpful. For instance, DB mentioned, “When you don’t have exercise facilities, computers can 
be motivational.” Some participants did find the computer motivational. They believed that the 
checking task of WBP and ticking the exercises in their diaries may motivate them to be more 
physically active.  For instance, “it motivated me to do it, because you knew you had to go and check 
it off on the computer” GM stated. However, one participant believed that the motivation that comes 
with WBP was not enough and she still needed self-motivation to have enough physical activity: “The 
computer-based exercise programme motivates but I still need self-motivation”, DB said. Alternatively, 
LL said, “approaches [WBP and BP] gave me a lot more confidence and drive and direction”. 
It seems that in-part, what the physiotherapists were doing was enhancing participants internal 
motivation. For example, “I did something for myself, and I felt, I just felt, when you came back from 
your walk, you just felt more motivational” LL said. Alternatively, LL and DB stated respectively “The 
rapport with her was yeah, really good” and “Always felt better after I had talked to her”. However, 
there was also evidence that the physiotherapists were driving extrinsic motivations. For instance, GM 
said “it was important cause you knew Big Brother was watching” and LL stated “I promised [name of 
physiotherapist]” and “you don’t let people down do you”. 
6.14.1.1.3 What made me flag? 
Certain aspects of the combined intervention decreased participant motivation. For example, the 
repetitive exercise in the BP part (especially if the participants chose to use the same exercises they 
did in the WBP section) may be demotivating: “continuing with the exercises over the next 12 weeks, 
Um, probably getting less motivated” (DB). Problems using the WBP away from home (“Couldn’t 
access when away from home” (GS)) or that the WBP was time-consuming (“the biggest thing is time” 
(GS)) were other aspects that resulted in reduced motivation to be physically active. Family, weather, 
work, and wrong timing were other cited physical activity engagement barriers. To illustrate, 
“Weather-wise and family things,” LL said. DB mentioned, “timing for me was probably really bad 
because of over the Christmas season”. Also, LL mentioned that comorbidities could act as a barrier to 
physical activity engagement “I was cross with myself, but I’ve got severe pneumonia apparently they 
diagnosed me with”. 
6.14.1.2 Education: 
The second theme centred around education. This was a multi-aspect theme with important relevance 
to both participants and the physiotherapists. This theme spoke to the fact that participants need to 
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be educated to enhance participation and adherence to exercise and physical activity. However, this 
theme also revealed that the physiotherapist required more understanding of their role in the 
combined intervention they were delivering which was often in contrast to their conventional 
physiotherapy practice. Thus this theme has two subthemes: i) Participants education, ii) 
Physiotherapists education. 
6.14.1.2.1 Participants education 
Participants found the WBP useful in assisting them to learn what to do, the visual perspective 
(especially the video clips) of the WBP was favoured: “Visual example is better than writing 
instruction” (DB). GS and LL elaborated on this: “I only used the computer until I learnt what to do” 
(GS) and “she put it through and then she actually did a video on it, of each one which was excellent” 
(LL).  
Using WBP, participants found that exercise repetition, exercise demonstration, and providing 
different examples of activity to be valuable and instructive. For instance, participants stated, 
“Repeatability is a good factor” (DB) or “she showed me different exercises, and yeah, they were good” 
(LL) or “just use the computer to learn how to do exercise” (GS) or “gave me a good idea about what 
we were gonna be doing” (GM).  
Nevertheless, and in line with the first theme, participants considered the education they received 
directly from the physiotherapist was superior to using the WBP interface. For instance, “you are more 
likely to ask questions face to face than typing them on a computer “(GM) or “And how to do the 
exercise, and then, to be honest, it [use of website] was a pain in the arse” (GS).  
To fully utilise WBP, participants needed help and education from the physiotherapist. To illustrate, 
“yeah but [physiotherapists name] worked it through and put it on my computer before she left that 
day, yeah,” LL said. Similarly, PT 1 stated, “Actually the first meeting was also useful in getting people 
to pull their computers out and be able to access a website, and that was really good for a couple of 
them who weren’t as tech savvy”. The physiotherapists also had to utilise written instructions for 
participants to assist access of WBP “just yeah a lot of unfamiliarity with how to use the internet, and 
we wrote down step by step how to get to her, how to get the website” (PT 1). 
6.14.1.2.2 Physiotherapists education: 
As I discussed earlier in this thesis, following the physiotherapists feedback in the POC study, I added 
more educational components. Despite these modifications, physiotherapists still expressed concerns 
about needing more education, particularly with regards to motivational interviewing, and more 
educational sessions to improve the physiotherapists knowledge of the more critical parts of the 
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interventions, such as the website of WBP or of motivational interviewing. Hence, analysis of their 
interviews showed their perceptions and concerns, and revealed the mismatch between the 
researcher’s expectations and the education’s outcomes.  
The physiotherapists previous knowledge of motivational interviewing was basic and the extra training 
provided in this study appeared still insufficient. PT 2 said she had found the motivational interviewing 
concept “difficult, and that could be related to my inexperience of motivational interviews”. PT 2 found 
motivational interviewing to be nebulous: “Very little, I had heard the term and had a vague idea of 
motivational interviewing but not any of the details or any of the real objectives”.  
The training session on motivational interviewing did not make PT 2 confident to deliver it: “I think the 
training was not training, it was an introductory workshop where you can get an idea of the broader 
concept of motivational interviewing”. PT 1 found the training session quite helpful: “I thought that 
was sufficient … he [the instructor] did really well for a two-hour session …. It definitely gave me……I 
felt confident in doing...using the MI process with my participants”. Both physiotherapists agreed that 
more practice and follow-up educational sessions would make for a better understanding and usability 
for their knowledge, “not to do role playing but to actually have practice with a patient or somebody 
and have an instructor or facilitator observing and providing feedback to learn a skill set…I consider 
training to be the development of skill sets to do things” (PT 2). “I had one practice run with a colleague 
on a different topic, so that was helpful... ...before I, yeah before starting with it” (PT 1).  
The training session, however definitely helped the physiotherapists to understand motivational 
interviewing correctly: “I would identify motivational interviewing as a method of initiating a 
conversation with somebody whereby they are able to articulate things that they are struggling with 
and identify where they would like to be in terms of their goals and how they think they might get 
there” (PT 2). “The motivational interviewing for me, …, the keywords were “change talk” so to elicit 
“change talk” is what is the crux … We’re trying to get someone who is probably contemplating change 
already, to actually in their mind go about that process of how they would or reasons behind wanting 
to change and then outlining the possible…..the ways they can get themselves to that state.” (PT 1). 
It seems however that the researcher’s expectations of the physiotherapists were not congruent with 
that of the physiotherapists exceptations: “I do think overall that we were able to achieve some 
ultimate goals with Blue Prescription but I honestly feel I was the weak link” or “it felt like it was obvious 
that we should already know this but we don’t so”.   
Both physiotherapists found the research manual (Appendix 2) unmanageable. The length, in 
particular, was problematic “a 200-300 page document ….. That was a bit harder to chew” (PT 1) and 
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“We had a manual that was like 500 pages long that I did not read” (PT 2). Both did use the shorter 
manual that was prepared for the motivational interviewing session (Appendix 3) “I did read the one I 
had before the workshop” (PT 2) and “[the MI session trainer] did send an email with a small 
attachment and the slides. That was very useful to see it in writing as well and to have a reference 
point” (PT 1). As a result of not reading the manual (due to its length), the physiotherapists 
communicated differently with their participants. PT 1 contacted her participants during the BP 
intervention two times (at the initial motivational interview and then again three weeks later): “most 
of the contact [follow-up] was initiated by me ... at those key points … I did mention to all of the 
participants that I could be contacted at any time either by phone, text or email but yeah I didn’t receive 
many contacts from my participants.” Whereas PT 2 told “participants at that point [motivational 
interview] that would be the last time that I would formally contact them, however, that if in the next 
12 weeks they had any questions, that they could contact me”. Despite different approaches to 
encourage participants to contact them if necessary, participants did not contact either  
physiotherapists during the BP stage. 
A major point in this subtheme was the physiotherapists found delivering BP, as opposed to WBP, 
contrasted with what they perceived to be their conventional physiotherapy practice. Both 
physiotherapists stated that this challenged them. For example, “that is a really positive part of the 
process, and it was, you actually get to hear what people want to say instead of making assumptions 
which we do plenty of” PT 1 said. PT 2 stated, “that is a challenge for all of us because as a physio I am 
so used to instructing people and they are so very used to following instructions”. They felt that BP 
drew on approaches that were different to traditional ones normally used by physiotherapists: “This 
programme, to me I felt like it drew more on the coaching side of physiotherapy and the accountability, 
you’re the accountability person, you’re the one not so much providing extrinsic motivation but you 
are there sort of in the corner of the room saying I’m here, you can tap it into my knowledge any time 
you want, it’s very, it’s more of a hands-off role from what I do day to day and I quite like that, I do, it 
is definitely within the scope of being a physiotherapist but one that is not utilised very much I don’t 
think from a private physiotherapist point of view” (PT 1). PT 2 stated, “But, overall, I think it 
[participants set their own goals] was a hard concept until people are completely happy with it because 
again it’s not the traditional framework for anyone that I’ve worked with so far as a physio”. In 
comparison, the WBP intervention fitted completely with their understanding of the physiotherapist’s 
role: “Yeah it was, yeah easy all the way through [using the web-based programme], sometimes there 
were, they didn’t have the exercises that I wanted, and I don’t know if there was an option for me 
actually to add or create my own exercises; I don’t think there was.....but apart from that, it was pretty 




The technology was, in itself, aside from its motivational or educational aspects, a dominant theme 
and a number of different aspects emerged. For example, some participants and the physiotherapists 
described the internet as an appropriate media to connect participants and physiotherapists. For 
instance, DB mentioned that with use of computer and internet “The distance didn’t concern 
participant” or “I think it’s an awesome tool” (PT 2) or “It’s pretty straightforward’ (PT 1). Likewise, 
some assumed the internet and computer was a tool that makes the exercising more manageable for 
participants: “you can do it in the comfort of your own home without someone looking over your 
shoulder sort of looking at you doing it...so you feel a lot more comfortable doing it too” (GM). Also, 
“Repeatability [WBP clips] is a good factor”, DB said. This said, the physiotherapists and participants 
highlighted issues that they faced in using technology. 
Some of these issues were minor and related to the WBP itself, as opposed to the technology per se. 
For example, the lack of notification system on the website to notify the physiotherapist whether she 
had a message from her participants: “creating an alert for me or having a messaging component to 
it so that they could quickly message” (PT 2). Also, both physiotherapists mentioned that they would 
have liked a bigger pool of exercises to draw from and more appropriate titling of the video clips to 
facilitate searching. For example, PT 2 mentioned, “The toolbox or the pool of exercises are not laid 
out in the way that I would like …… I don’t know what they [exercise title] mean”. In addition, PT 1 
pointed out: “They didn’t have the exercises that I wanted, and I don’t know if there was an option for 
me actually to add or create my own exercises”.  
The more significant challenge was internet accessibility in the rural area and limited computer 
knowledge for some participants. For example, internet access could be variable: “in our area, some 
days it’s [internet] better than others” (LL). For many participants, their computer knowledge was 
insufficient to problem solve any issues that arose or to use their computer independently. This point 
was highlighted by a number of participants: “we are not all computer geeks” (GS), “our computer was 
a bit pathetic” (LL), “I don’t do a lot on the computer, it just makes me tired, computer stuff” (DB) or 
as PT 1 stated “when I was at her (DB) place, she struggled to open emails in a different router as well”. 
PT 1 believed that this problem was mostly with older participants, the familiarity of younger 
participants with Social Media and the internet helped them to have a better idea of the intervention: 
“because a lot of social media’s current…….., well a lot of social media is done online, and a lot of 
people in the younger population are, have access to the internet and use it on a very often hourly 
basis that’s less of a hassle but maybe it’s a bit different with an older population who haven’t been 
exposed to the amount of internet I guess”. PT 2 said she often had difficulty assisting participants to 
access the WBP: “they might have internet access but it might not be enough to operate the 
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platform……the buffering issues and computer skills are also a big sliding thing …. I think that’s 
challenging for me because I more often than not was unable to get them set up at that initial meeting 
with their internet problems”. 
6.14.3 WBP attendance and diaries: 
Contrary to plan, participants did not use their WBP diaries to report any adverse effect, difficulties, 
or harmfulness. Participants preferred to contact their physiotherapists about these issues via other 
modes of communication, such as email and telephone call. Only once did a participant leave a 
message in their WBP diary, and this was to record his satisfaction with his exercise plan and a few 
short notes about his allocated exercises. 
The “attendance” of each participant during the WBP intervention stage was scored based on the 
number of exercises that they used each day (a function of the website). Therefore, the number of 
“attendances” is not equal to the days that the website was used. The number of exercises are 
reported in Figure 6-2. The number of exercises which the intervention group used for eight weeks 
were approximately the same (307 and 329 respectively). However, a sharp drop was noted in 9-12 















4th Week 8th Week 12th Week 16th Week 20th Week 24th Week
Figure 6-2: intervention  group number of  exercises  
in WBP website 
intervention group number of exercise
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6.14.4 Completion and attrition ratios: 
Two participants who were allocated to the intervention group withdrew. One participant, a farmer, 
said the period of November to February is the busiest time of the whole year for the farm, and so 
due to her farm commitments she did not have the time to do her allocated exercises and decided to 
withdraw from the study. The second participant withdrew as she chose a new treatment method 
which used a new robotic accessory device for walking. So at the time of writing this thesis, the 
attrition ratio was 20 % (with every indication that the 8 participants still within the trial likely to 
complete), and thus, as per a priori decision, this can be assumed to be a “reasonable” 
acceptable/feasible attrition. 
6.15 Quantitative results: 
Table 6-2-A shows the descriptive data (mean, SD) for each outcome measure at the baseline 
measurement point. No significant difference was detected at baseline between groups. Table 6-2-B 
(see the Appendix 6-5-A) shows the descriptive data (mean, SD) for each outcome measure at each of 
the three measurement points. 
Checking of data normality with the Shapiro-Wilk test demonstrated that most data sets were 
normally distributed (see the Table 6-3  in Appendix 4). Table 6-4 (in Appendix 5-B) shows the results 
of the ANOVA analysis used to examine the significance of difference within and between the control 
and intervention groups for the data sets that were normally distributed. 
To better understand the changes at each measurement time point for each item, the difference of 
each item along the time span was calculated and analysed (ANOVA) (see Table 6-5 in Appendix 6). 
The abnormally distributed datasets (see the Table 6-3) were analysed with the Fisher Exact Test and 
the results of this are reported in Table 6-6 (see Appendix 7). The trends of changes in the intervention 
and control groups outcomes are also depicted in Figures 6-3 to 6-8. 
There were no significant changes detected for any outcome within and between different groups or 
in terms of outcome changes along the different time spans (Table 6-4 and 6-5). The only significant 
change found was the difference in HDAS score between baseline and the second measurement point 
(Fisher Exact Test, p=0.03) (Table 6-6).  
The outcomes illustrate that fatigue decreased for both groups, but more sharply for the intervention 
group (Fig 6-3-A and 6-3-B). The subgroups of the quality of life questionnaire showed different trends, 
improving in the physical and mental quality of life in intervention group whereas steady state in the 
control group (Fig 6-4-A, 6-4-B, and 6-4-C). Self-efficacy (Fig 6-5-A, and 6-5-B) and physical activity (Fig 
6-6-A, and 6-6-B) illustrated an increasing then decreasing pattern in the intervention group. The 
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control groups in both these outcome measures showed a slight decreasing trend. Reviewing the 
physical activity stage of change showed a small improvement in the intervention group but remaining 
unchanged in the control group (Fig 6-7).  The intervention group showed a decreasing trend in anxiety 
and this was in contrast to the increasing trend in the control group. However, depression remained 
unchanged in both groups (6-8-A, 6-4-B, and 6-8-C). 
Table 6-2-A: Descriptive data (mean, SD) of all outcome measure at the baseline for both groups 







MFIS 43.75 (21.83) 36.83 (11.90) .531 
MSIS29_PHYSICAL 47.49 (27.23) 41.38 (30.39) .754 
MSIS29_PSYCHOLOGICAL 30.53 (29.18) 41.35 (13.93) .448 
GLTEQ 21.50 (17.25) 23.66 (20.90) .868 
EXSE 85.31 (23.90) 61.87 (34.83) .278 
PASOC 2.75 (1.70) 3.17 (1.47) .645 
HDAS_ DEPRESSION 6.50 (3.51) 3.16 (2.136) .096 
HDAS_ ANXIETY 4.25 (1.70) 6.16 (2.63) .239 
 
GLTEQ = The Godin leisure-time Exercise Questionnaire, MSIS-29 = Multiple Sclerosis Impact Scale 29-V2, MFIS = Modified 
Fatigue Impact Scale, EXSE = Exercise Self-Efficacy Scale, HADS = Hospital Anxiety and Depression Scale, PASOC = Physical 
Activity Stages of Change, SD = Standard deviation   
 
Figure 6-3-A and 6-3-B shows the MFIS score for both individual and group scores. Based on this tool, 














Baseline 12 Weeks 24 Weeks
Fig 6-3-B: Fatigue (MFIS) 
(mean)
Control (total) Intervention (total)
 
Int= Intervention group, Con= Control Group. numbers indicate the outcome measurement point, MFIS= Modified Fatigue Impact Scale 
 




















Baseline 12 Weeks 24 Weeks
Fig 6-3-A: Fatigue (MFIS) all cases
Int.1 Int.2 Int.3 Int.4 Con.1 Con.2 Con.3 Con.4
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Figures 6-4-A, 6-4-B, and 6-4-C show quality of life based on the MSIS-29 tool by individual and by 
group total for both the physical and mental subscores. As the scores represent the impact of MS on 
different aspects of people life, a greater score depicts a worse condition (range 0 to 100). 
 
Int= Intervention group, Con= Control Group, numbers indicate the outcome measurement point, MSIS-29= MS Impact Scale 29 
 













Baseline 12 Weeks 24 Weeks
Fig 6-4-A: Quality of life (MSIS-29) Physical (all Cases)










Baseline 12 Weeks 24 Weeks
Fig 6-4-B: Quality of life (MSIS-29) Psychological (all cases)




MSIS-29= MS Impact Scale 29 
Figures 6-5-A and 6-5-B illustrate the exercise self-efficacy of participants (individually and by group). 
Higher scores (range 0 to 100) mean more self-efficacy. 
 














Baseline 12 Weeks 24 Weeks
Fig 6-5-A: Exercise Self-efficacy (EXSE) (all participants)
Int.1 Int.2 Int.3 Int.4









Baseline 12 Weeks 24 Weeks
Fig 6-4-C: Quality of Life (MSIS-29) Physical and Psychological (mean)
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Baseline 12 Weeks 24 Weeks










numbers indicate the outcome measurement point, EXSE= Exercise Self-Efficacy 
 
 
Figures 6-6-A and 6-6-B show the participants physical activity (group and individual scores) based 
































Baseline 12 Weeks 24 Weeks
Fig 6-6-B: Physical Activity (GLTEQ) (all cases)
Int.1 Int.2 Int.3 Int.4 Con.1 Con.2 Con.3 Con.4
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Figure 6-7 illustrates the physical activity stage of behavior change as a total. A higher score means a 
more improved stage of change (range 1 to 5 or 0 to 4). 
 
 


























Baseline 12 Weeks 24 Weeks




Figures 6-8-A, 6-8-B, and 6-8-C show the depression and anxiety levels of participants in both 
groups total and individual scores. This tool has a range of 0 to 21, and a higher score means 













Baseline 12 Weeks 24 Weeks
Fig 6-8-A: HDAS, Depression (all Cases)








Baseline 12 Weeks 24 Weeks
Fig 6-8-C: HDAS, Depression and Anxiety (mean)
 Intervention group Depresssion  Intervention Group Anxiety
Control Group depression Control Group Anxiety
 
Int= Intervention group, Con= Control Group, HDAS=Hospital Depression and Anxiety Scale 
 
    





















Baseline 12 Weeks 24 Weeks
Fig 6-8-B: HDAS, Anxiety (all Cases)
Int.1 Int.2 Int.3 Int.4




Based on the first aims of this study, the feasibility and acceptability of a combination of the two 
interventions is first discussed. The thematic analysis of participants interviews revealed the three 
different themes of motivation, education, and technology that spoke to feasibility and acceptability 
of the combined intervention. Overall, these findings demonstrate that the combined intervention 
was feasible (it could be done) and mostly acceptable (satisfactorily perceived) to pwMS living rurally.  
Below I discuss these three identified themes in relation to feasibility and acceptability as well as 
previous research. It is hard to tease out the three themes as they are intertwined. Having analysed 
the interview data and identified three core themes, the question of “so what” arose, what did all this 
mean with regards to the feasibility study aims, how do the themes articulate with each other, and 
what is the communication between them? Deeper contemplation, discussion and debate between 
the researcher and his supervisors resulted in the development of a model to understand the use of 
technology by a physiotherapist in a rural setting for pwMS to enhance their participation in physical 
activity. This model is depicted below in Figure 6-7.  
It seems that this communication or human-human relationship may be an overarching theme that 
articulated all the themes revealed. For example, the technology boosted and facilitated the human-
human relationship. This model shows that technology for remote rehabilitation has three different 
roles. The first role is as a medium to facilitate a two-way human-human relationship between the 
physiotherapist and the participant. The second role is a motivational role, and thirdly, technology 
acts as an educator.  Although this medium can utilise special features such as video clips or written 
instructions, without the physiotherapist interaction, it appears not acceptable as a primary motivator 
or educator for pwMS. Therefore, central to the use of technology in a remote rehabilitation setting 
with pwMS is communication with the physiotherapist, especially with regards to motivation and 
education. Technology is useful, but only if there is also direct communication with the 
physiotherapist.  
Although other factors do influence pwMS motivation to maintain their engagement in physical 
activity, such as family, co-morbidities, time and work pressures, this human-human relationship 
appears key to assisting the pwMS in maintaining their engagement in physical activity. The 
physiotherapist takes on a coaching role when using technology, and for this role, the physiotherapists 





















Double influence (positive and negative):  
 
Comparing my findings with other BP and WBP qualitative studies and with the POC study, there are 
some similarities and differences. For example, in the qualitative analysis of BP by Smith et al. 
participant motivation was a subtheme that was similar to one of my research subthemes (“Why did 
I want to participate?”) (232). In both studies, pwMS were ready to do something to improve their 
situation and wanted more exercise options. However, the different locations of these studies, urban 
versus rural, may be the reasons for some differences in findings. For instance, in the current study, 
two participants stated that their motive to join the study was the lack of a neuro physiotherapy 
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se. However, in the Smith et al. study no participants pointed to a neuro physiotherapist shortage as 
a reason for getting involved in the study (232).  
In the POC study, “motivation” was one of the revealed themes that was more similar to the subtheme 
of “What made me flag?” in the feasibility study. In both of these themes/subthemes, pwMS 
highlighted the factors that decreased their motivation to continue the intervention. For example, 
technological problems were a demotivating factor in both studies. However, no complaint about the 
content of the WBP website pool of exercises was emphasised in the feasibility study, however it was 
one of the main complaints in the POC study. This is not surprising, as due to this complaint, I changed 
the content of the WBP website, and it would seem that the feasibility participants were satisfied with 
it. These changes were however not successful in solving technological problems such as internet 
accessibility or computer knowledge.  
The subject of “motivation” did not come up directly in any of the themes and subthemes of the Paul 
et al. and Coulter et al. WBP studies (41, 230), but it did indirectly in participant quotes in these studies. 
For example, one participant mentioned “I’ve went to a couple of classes since I had my MS, it’s quite 
embarrassing sometimes because you can’t do… in my own home, I didn’t have the embarrassment 
factor”(41) indicated that the WBP increased this person’s motivation to do more exercises.  
As shown in the feasibility study model developed from the qualitative findings, the physiotherapist 
role in the combined intervention was central. Almost all participants and both physiotherapists 
emphasised that the face-to-face meeting in the initial part of intervention was the most important 
part of the intervention and this human-human relationship was crucial to ongoing participation in 
physical activity. They believed that without this relationship and with just the help of a computer, the 
communication could not be effective and appropriate. So whilst the computer is a useful 
communication method, it is the human-human connection that is key. The current results may seem 
different to some computer-based studies that previously did without using any direct communication 
between pwMS and physiotherapists. For example, the Motl et al. study showed a significant (p=0.01) 
improvement in physical activity just with the use of website content in 54 pwMS (213). However, a 
more in-depth review of that study showed a kind of human-human relationship was actually included 
in their intervention design. In particular, participants had access to a chatroom with an expert 
physiotherapist and the other participants. Also, the release of information had a “humanised 
appearance” with the help of “Graded task” BCI. Their website sent a weekly individual plan to each 
participant and improved the plan gradually, something that physiotherapists would normally do. 
Actually, Motl et al. modified and refined their previous face-to-face experiences with pwMS, with the 
help of a brief survey and a focus group. As in the current study, these authors used “Problem-solving” 
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and “Social support” BCIs that made for a human-human relationship like atmosphere for participants. 
In Motl et al. research, the mean age of participants was (46.1 SD 10.4), about 18 years younger than 
the current research mean age (64.20 SD 12.98). Based on my findings in my POC study and Rosen et 
al. (297) work, older people may be less motivated to use technology than the younger generation, 
and thus Motl et al.’s participants were possibly more accepting of the reduced human-human 
communication of their intervention. In line with this, Hall 2011 (312) showed a positive association 
between therapeutic alliance and neurological conditions, however, the findings were limited due to 
lack of enough high-quality studies. Given this discussion, I suggest more research is needed to 
investigate the human-human relationship, participant age, setting, culture, gender and technology in 
telerehabilitation.  
The motivational subthemes appeared to represent the “Feedback and monitoring” group of BCIs. 
Quotes such as “big brother watching” directly point to the “Monitoring of behaviour by others” in 
this BCI group. I suggest therefore that using the WBP diary may be helpful as a “Self-monitoring of 
behaviour” strategy to use as a “Feedback and monitoring” BCI. As I showed in chapter four, this BCI 
is a prominent BCI in WBP, more so than in the BP intervention. Similarly, the human-human 
relationship may be matched with “Social support” group of BCIs, which is more unique to the BP 
intervention. Matching participants quotes with BCI definitions may be an appropriate evaluation 
method to give a better understanding of active BCIs of each intervention. As I showed in chapter four, 
BCI mapping is a new established approach that requires more tools and methods to identify the BCIs 
used in a given intervention and then to evaluate the effectiveness of each BCI individually. For 
example, as I showed in chapter three, “Feedback and monitoring” and “Social support” showed a 
significant, homogenous, and moderate effect size (Z = 6.59, P < 0.00001, I² = 0%) and (Z = 7.41, P < 
0.00001, I² = 0%) to improve the physical activity in pwMS. Given these facts, a question could be 
which section of my intervention was more effective with the aforementioned BCIs? I hypothesised 
that WBP may be the more effective section of this combined intervention in terms of “Feedback and 
monitoring” due to its diary. However, it seems that the human-human relationship changed this 
hypothesis. The participants and physiotherapists quotes and also participants WBP diary usage 
showed they were not very keen to use the diary as a feedback tool. These quotes illustrated that 
participants were more eager to utilise such two-way communicational methods that directly 
connected them to the physiotherapists, such as telephone, text message, or email. Nevertheless, and 
due to lack of “Social support” BCI in the WBP mapping, the initial face-to-face meeting and 




Some BCIs that I identified in chapter four for WBP and BP had more influence on participants than 
the others. With the exception of those BCIs discussed above (“Feedback and monitoring” and “Social 
support”), the “Shaping knowledge” may be another BCI to highlight as included in the combined 
intervention. Almost all participants spoke of the educational aspect of the WBP or BP sections. The 
subtheme of “participants education” may be an indication of the “Shaping knowledge” BCI group.  
Previously, I showed in this chapter’s themes relationship model that the “Participants education and 
training” had an important influence on the “Motivation” theme. Therefore, it may be concluded that 
“Shaping Knowledge” BCI may boost the human-human relationship. In line with this, my chapter 
three’s meta-analysis, “Shaping knowledge” illustrated a moderate, significant, and homogenous 
effect size on physical activity (Z = 7.90, P < 0.00001, I² = 0%). Cheon et al. illustrated a significant 
(p<0.01) improvement in physical activity adherence of 1423 students after increasing internal 
motivation as a consequence of education given to their physical education teachers. The education 
consisted of three different workshops and discussion sessions in which teachers were educated to 
use more internal motivational methods (313). With all this in mind, it is hard to carefully identify 
which section of the combined intervention was more beneficial than the other in driving sustained 
participation in physical activity. Based on chapter four’s BCI mapping and on the descriptions of WBP 
and BP the “Shaping knowledge” BCI may be either a part of the motivational interview of BP or the 
WBP. However, based on the physiotherapists quotes and “physiotherapists education” subtheme, 
where the physiotheprists mentioned how they lacked confidence in conducting a motivational 
interview, the WBP may have had more of an educational influence. Also, as WBP was more familiar, 
and thus comfortable, to the physiotherapists traditional way of practice than BP, in the current 
feasibility study, the WBP intervention probably had more of an educational influence for participants 
than the BP section. Adding to the educational influence of WBP were the educational material 
provided, such as video clips and also written exercise prescriptions. “Shaping knowledge” may have 
been more subtle in the BP section, as the physiotherapists were attempting to build participants own 
self–efficacy to exercise with techniques such as motivational interviewing and active listening to 
enable participants to make their own choices and to take ownership of what, when and where they 
engaged in physical activity. The physiotherapists said they did not feel very confident in doing this 
and the participants may not have fully realised the knowledge that they were gaining as a result of 
it. Future research should focus on how to further build the training and confidence of 
physiotherapists in the BP intervention. 
In contrast, some of the BCIs identified in the mapping process in both WBP and BP were not apparent 
in the participants quotes or in the revealed themes and subthemes. For example, I could not identify 
any quotes or themes that pointed to “Natural consequences” or “Antecedent” BCIs. This does not 
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mean that these BCIs were not used in the combined intervention, just that their influence was not 
evident.  
Reflecting on participants reasons for participating and maintaining participation in physical activity, a 
blend of internal and external motivations can be identified. Intrinsic motivations included enjoying 
exercising and examples of extrinsic motivations were lack of common rehabilitation facilities or doing it 
“for the physiotherapist”. A key finding of this study was the centrality of the physiotherapist to motivation; 
technology was useful but only acceptable if there was a human-to-human interactive relationship. A 
finding congruent with that of the Coulter et al. study that revealed this subtheme among their participants 
interviews (230). In the latter study, 13 people with SCI were interviewed following use of the WBP for 
eight weeks and spoke of “there is someone alive at the other end, reading your notes and saying ‘what 
about this and what about that?’ That again is another motivator”. So a question to ask is: were the 
physiotherapists in my study a driving external motivation – participants engaged because of the external 
influence of the physiotherapist or did the physiotherapist develop participants’ own self-motivation. If 
these interventions drive reliance on physiotherapists as external motivators, this could be considered an 
expensive model of health care and one that does not foster self-management. Two systematic reviews 
that explored the question of physical activity and self-determined motivation in adolescents (46 studies) 
and adults (66 studies) respectively found that internal motivation may have a greater influence on physical 
activity maintenance than external motivation (314, 315). The adolescents showed a moderate positive 
association with internal motivation (ρ = 0.27 to 0.38) whereas a negative association of external 
motivation (ρ = − 0.03 to −0.17) (314). In this systematic review, amotivation had a negative association 
with physical activity (ρ = −0.11, 95% CI [−0.20, −0.02]) (314). The adult results did not show a significant 
association of internal motivation with physical activity in the short-term. However, a significant 
association was determined at 24 and 36-month follow-up (p= 0.002 and p= 0.006 respectively)(315). On 
the other hand, influence of internal motivation on self-efficacy should be considered as many studies 
mentioned it (9, 10, 83, 126).  More research is warranted in this respect to give a better understanding of 
motivation association with physiotherapists and technology.  
The other factors potentially demonstrating a relationship with motivation were family and sickness. The 
family showed both positive and negative influence on motivation, in that some participants told of the 
help they had received from their family members regarding technology, whereas family could also 
negatively influence motivation by demanding service or time. Coulter et al.’s qualitative analysis also 
reported the help families may provide  when participants are struggling with technology (230). Sickness 
showed a negative influence on physical activity, for example, pneumonia caused a decrease in physical 
activity participation in one participant. Similarly, in the POC study (of chapter 5), surgery caused one 
participant to have  a dramatic fall in her physical activity participation (316).   
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The physiotherapists training was a fundamental part of this research. The main focus of this 
education was in the two different parts of the combined intervention (WBP and BP). The perceptions 
of the physiotherapists about their training varied with each part. For example, there was an overall 
satisfaction with the training received in the WBP educational session but dissatisfaction with BP 
educational training. It would appear that the physiotherapist’s role in WBP is more similar to a 
conventional physiotherapy role whereas BP was asking them to take on a novel role, one which was 
conceptually different to their “traditional” practice and based more on psychological approaches. 
Previously Hale et al. and Mulligan et al. showed that BP may be different from what is understood to 
be “normal and conventional” physiotherapy practice. Actually, the BP name is a misnomer, the 
physiotherapists do not prescribe exercise directly to the participants (19, 231); they instead assist 
pwMS to have a better understanding of their situation, problems, and barriers. In BP, the 
physiotherapists motivate participants to choose a favourite physical activity and then help 
participants to problem solve how they can participate in it. This novel practice may create some 
ambiguity for the physiotherapists. Having to use a more psychologically-based intervention, such as 
the motivational interview or BCIs, may require more of a background in psychology than 
physiotherapists normally receive in their pre-registration training. It would seem that for 
physiotherapists to deliver the BP intervention; they require more training then what was provided in 
this study. More in-depth education and training will enhance the physiotherapists’ confidence to 
assist people to change their physical activity behaviours. 
A second method of evaluating the acceptability of the WBP to participants was to evaluate their 
“attendance” on the WBP website and use of the WBP diaries. The use of the website was at a higher 
level in the first two months of intervention than over the subsequent months. These findings were 
similar to that of other WBP studies. Paul et al. showed a 2.1 session per week attendance in the first 
week in pwMS participants, that decreased to 0.9 sessions per week in the last week (week 12)(41). 
In contrast, Coulter et al. showed a steady trend of attendance of people with spinal cord injuries in 
the use of WBP from the inception to the end of intervention (week 8) (230). Similarly, in a study by 
Hoaas et al. of people with chronic obstructive pulmonary disease using a telerehabilitation 
intervention to enhance physical activity, there was a reported reduction in attendance rates over 
time (29% reduction) (317). A possible reason for this decreasing “attendance” may be that 
participants memorised the exercises and thus no longer needed to check them on the computer, 
which would be a positive outcome. Other possible causes could be lack of time due to work, a busy 
time of year, or family commitments, reasons that were reported in participants interviews. 
The attrition ratio for this study was 20% in comparison with the much lower ratios of 3% for the Paul 
et al. study of WBP and the Hale et al. study of BP (48, 263). This difference may be due to two reasons. 
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First, the intervention duration in the current study was twice the duration of the aforementioned 
studies. A previous systematic review of lengthy interventions has shown that long-term (more than 
three months) interventions significantly (p=0.04) increase the likelihood of attrition (318). A second 
possible reason may be the rural setting of the current study. Although Kay-Lambkin et al. reported 
that the attrition rate of rural and urban areas was the same (319), most studies report higher attrition 
in rural areas compared with urban areas (320-322), even as high as double the rate (320). Two factors 
can be possible reasons of this higher rate. Firstly, the internet accessibly in the rural areas may act as 
a demotivating factor. It is logical that your motivation to participate would decrease when you are 
not able to use the website video clips or contact research physiotherapists via teleconference 
applications. Secondly, rural people often have seasonal work, and if the study or research comes at 
the same time as this “busy time of year” attrition is likely to occur. 
A secondary aim of this study was to evaluate the recruitment strategies used. To place this discussion 
in context, the South Island of New Zealand has an area of 145,836 square kilometres and the 
population of 1,115,800 (June 2017). Compared with the North Island of New Zealand with a size of 
113,729 square kilometres and a population of 3,677,200 (June 2017), the South Island is sparsely 
populated, especially the further south ones goes (323). Overall, recruitment could not be considered 
successful in spite of using a number of different strategies because I knew that it would be difficult 
recruiting in a sparsely populated region. The main strategy was to elicit the help of the local branch 
of the MS Society, as this had been successful in previous local studies. Unfortunately this was not the 
case for this study. At the time of recruitment there were major changes in official positions in the 
Society, and the arrangement of sending the invitation emails to members was deemed by the new 
officers to be no longer appropriate and they preferred me to use the Society’s website and Facebook. 
The latter processes took a long time to set up but were then found to be successful. The other 
strategy used was sending the study information via post and email to local physiotherapists and GPs, 
drawing their attention to the study. This strategy did not work in the first half of study. However, 
consistency of sending out information finally paid off and participants in the second half of the study 
were recruited with the help of this method. A future recommended strategy is to maybe recruit as 
Motl et al. have successfully done. These authors created a database of pwMS and their contact 
information, then recruited participants with the help of this database (40, 86, 187, 213, 214). 
However, this strategy has ethical and privacy issues; ethical approval would be required in New 
Zealand to set up such a database, and thus this is a long-term collaborative project to be undertaken 
alongside pwMS and the MS Society.  
The quantitative analysis showed no significant changes within and between the groups for all outcomes 
measured in this research. A main reason for this result will be the very small size of sample population 
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analysed. The single exception was in the group difference of the anxiety section of the HDAS test between 
the second and baseline measurement, which was significant (p=0.029). Although these findings should be 
viewed with caution due to the small sample size of my study and the skewed distribution of the data, this 
result was in line with Coulter et al. study that showed a similar decrease in anxiety in spinal cord 
population with the use of the WBP intervention (p=0.025)(230). The Paul et al. study showed a significant 
decrease of anxiety in their control group as opposed to their intervention group using WBP 
(p=0.016)(229). The reasons for the differences in these findings are not easily discernible, although the 
small sample sizes involved may be the cause. 
Physical activity as measured on the GLTEQ questionnaire in this study showed a fluctuating pattern of 
sharp increases and decreases in the intervention group. One reason for this may be life events that 
participants faced during the study period. For example, one participant developed pneumonia and was 
admitted to hospital in her last six weeks of her intervention time (week 17 to 23), resulting in a sharp 
decrease in her physical activity levels, and this then meant her total mean of GLTEQ results over the whole 
study period decreased. A second reason may be the nature of the interventions. While the WBP 
intervention specifically provides participants with a set of exercises to do regularly; the BP intervention is 
aimed more at encouraging long-term participation in a physical activity of choice, allowing the participants 
to choose how often and at what intensity they engage in this activity. It does not per se aim at increasing 
the short-term levels of physical activity. For example, a participant may only choose, because that is all 
they feel they can cope with, to walk around the block once a week at a self–selected pace. 
6.17 Conclusion: 
Overall, this study demonstrated that combining WBP and BP appear to be both feasible and acceptable to 
pwMS living rurally. However, some limitations were found. There were issues with the use of the 
computer and WBP; some participants found the motivation to continue to engage in the intervention a 
challenge, and more work is required to train the physiotherapists to deliver this combined intervention, 
especially the BP part of it. The recruitment was slow and sporadic, and thus the strategies used in this 
study were not optimal. Therefore, more research is warranted to better understand how motivation to 
be, and remain, physically active can be enhanced remotely by physiotherapists using technology. Also, 
more investigation is needed investigating which technological solutions are most appropriate. In future 
trials, more effective training and education of the physiotherapists, especially in the use of BP, is required.  
In the next chapter I draw all the studies of my thesis together and discuss their findings in relation to the 





Chapter Seven: Discussion and Conclusion  
 
 
7.1 Thesis overview:  
This thesis has explored how a combination of two physiotherapy interventions which include 
telerehabilitation and BCIs might encourage sustained levels of physical activity engagement for 
pwMS living rurally. As such, in this thesis I was developing a complex intervention, and thus the 
structure of my thesis follows the Medical Research Council of United Kingdom recommended process 
for developing a Complex intervention as depicted in Figure 7.1 below.  
In chapters one and two, I presented narrative reviews that provided an overview of MS, as a long-
term neurological condition. I described how the progressive, complex and unpredictable nature of 
this condition could increase sedentary behaviour that in turn impacts negatively on the quality of life 
in pwMS. I considered that in addition to non-pharmacological management of this condition, non-
pharmacological interventions such as physical activity programmes, structured exercise programmes, 
rehabilitation and physiotherapy could improve quality of life and health for pwMS. I expanded upon 
the influence of physical activity on general health and well-being of the general population. I 
discussed how physical activity could be measured, and detailed the physical activity 
recommendations of World Health Organisation. I went on to illustrate limitations and gaps in current 
literature with regards to physical activity behaviours in pwMS. I reported the potential for BCIs to 
contribute towards better physical activity uptake and maintenance in pwMS. I also explored the 
potential for virtual ways of delivering physical activity and behavioural change programmes that 
might substitute traditional face-to-face physiotherapy delivery of such programmes, especially in the 
rural area. While there is no doubt that regular participation in higher levels of physical activity can 
contribute to better physical, psychological and psychosocial health of people with MS, it is also clear 
that physical activity uptake in this population is generally low. BCIs are emerging in the literature as 
a potentially positive modifier of physical activity behaviours in pwMS; however, at the start of my 
thesis, there were no systematic reviews of the effectiveness of including BCIs in physical activity 
interventions for this population. Therefore, in Chapter three, I decided to explore the evidence for 
using BCIs in physical activity interventions for pwMS in a systematic review with meta-analysis. 
My systematic review addressed the following question: Does the inclusion of a BCI component in 
physical activity interventions have any effect on the outcome? A synthesis of 19 studies revealed that 
those interventions using BCIs to increase the physical activity in pwMS were effective. However, due 
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to a lack of high-quality research (based on the Cochrane Library bias evaluation criteria), this 
systematic review concluded there was a need for more high-quality RCTs. So, a basic question might 
be, was it a lack of description/definition that made it hard to pinpoint what BCI components were in 
the high-quality studies? Therefore, a preliminary BCI identification was conducted to find the studies 
included in the meta-analysis BCI groups. In addition, a further meta-analysis showed which BCI was 
most effective with regards improving physical activity. The result of this BCI identification and meta-
analysis led me to the question as to what were the BCIs “ingredients” of WBP and BP? 
In the fourth chapter, I described and critiqued the backgrounds, design, procedures and evidence of 
WBP and BP. Then, I undertook an exploratory ‘mapping’ exercise in an attempt to identify and define 
the BCIs within WBP and BP more clearly. This mapping was based on the taxonomy developed by 
Michie (156). As I could not identify a published systematic way to conduct this mapping exercise, I 
followed as closely as possible, systematic review methodology (e.g. using two reviewers, searching 
more than two databases) as a method. I identified seven BCI components associated with WBP and 
six associated with BP. The mapping showed the rationality of combining both interventions.  
Once I had a more clear description and definition of both interventions, I could see that there was 
some potential in combining WBP and BP to encourage and maintain physical activity participants for 
pwMS living rurally. Consequently, based on the defined process of developing a complex intervention 
(173-175), I conducted a POC study of this combined intervention with four pwMS living rurally to 
ascertain the acceptability of it. The POC study also evaluated the research design, procedures, and 
outcome measures in preparation for a subsequent feasibility study. From my review of the literature 
in chapters one and two, I decided to include outcome measures that evaluated physical activity, 
quality of life, fatigue, depression, anxiety, self-efficacy, and body composition as these outcome 
measures were related to the constructs relevant to this thesis. In addition, I included a qualitative 
component and thematically analysed data from interviews with all participants and physiotherapists 
that were involved in the study. The results of the POC study highlighted several changes that were 
required to the research design and the interventions. I learnt that physical activity monitors and body 
composition measurement were not practical tools for a rural setting, that these activity monitors 
were bulky and uncomfortable to wear, not easily compatible with old technology and many people 
did not have the skills or confidence to work with technologically based interventions and monitors. 
Also, the body composition measurements were not practical for participants to do themselves. I was 
able to obtain meaningful data from all other outcome measures (GLTEQ, MSIS-29, MFIS, EXSE, HADS, 
Physical Activity Stages of Change—Questionnaire), and participants told me that these measures 
were relevant and acceptable. The qualitative themes revealed some challenges for both participants 
and physiotherapists and these themes were: The need for more education, technology pros and cons, 
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social support and motivation. The physiotherapists expressed a need for more education regarding 
the interventions and motivational interviewing. Participants talked about the technological problems 
they encountered, such as a lack of computer knowledge and incompatible hardware. In contrast, 
participants did like the increased accessibility to physiotherapy advice and the exercises of the WBP 
website. Social support and motivation were other aspects of the combined interventions that 
participants enjoyed and found useful. 
Using the information from the POC study I designed the feasibility study (the main study for this 
thesis) with a mixed method RCT design. For this study, I aimed to recruit 20 pwMS living rurally (with 
all types of MS). However, recruitment challenges were slow and sporadic, and thus I only recruited 
18 participants, and for this thesis, only 10 had complete data for analysis. The quantitative data 
analysis found no significance within or between group changes. The qualitative analysis of the 
participants and physiotherapists interviews revealed three themes, namely, Motivation, Education, 
and Technology which together suggested that the combined intervention had contributed positively 
to the lives of participants, and thus appeared to be both feasible and acceptable. Although the 
interventions were delivered via the medium of technology, it was the human-human relationship 
which was key to the acceptability of this approach, and this human-human relationship formed the 
over arching theme of my analysis. The combined intervention could feasibly be delivered to pwMS 
living rurally, but contact with the physiotherapists was crucial to its acceptability. The main message 
from participants and physiotherapists was that the human-human relationship could not be replaced 
by technology but could be facilitated through the use of technology. That said, it was clear that the 
physiotherapists delivering the intervention required more training in BP and motivational 
interviewing, they did not feel confident in these approaches. The way of working in BP was different 
to how they conventionally had practised, as it meant they had to relinquish control of the 
intervention and rather support and facilitate the participant to take ownership of their physical 
activity, instead of prescribing physical activity as they would normally. The physiotherapists were 
more confident delivering the WBP intervention as it was more akin to how they traditionally 
practiced. 
 
7.2 The key areas  
This thesis primarily contributes to knowledge creation in seven key areas: 
1. BCI mapping of the combined intervention  
2. Technology; an appropriate replacement medium for rehabilitation? 
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3. Physiotherapist education and its influence on research 
4. Physical activity monitoring 
5. Recruitment strategies  
6. The intervention time frame 
7. Outcome measures 
 
These key areas and their knowledge contribution are discussed below. In addition, the limitations for 
each key area are discussed. 
 
Figure 7-1: The Medical Research Council of United Kingdom recommended process for developing 







7.2.1 BCI mapping of the combined intervention: 
WBP and BP were two interventions developed to assist pwMS to be more physically active and to 
maintain this engagement long term. Conceivably combining these two interventions would draw on 
their strengths and thus be potentially more effective in achieving their aim. Although they can both 
be considered interventions that change behaviour with regards to physical activity, neither had been 
developed with this concept in mind. So, to fully understand the theoretical foundations of these 
interventions I mapped the BCIs subgroups as conceptualised by Michie (156) to them. I consider the 
BCI mapping activity a strength of this thesis as I was not able to find a published and systematic way 
to do this, yet a recommendation from my systematic review was for future studies to more clearly 
define what BCIs were included in the interventions tested.  
Although, the long-term (more than one year) effectiveness of BCIs on physical activity or quality of 
life in some conditions, such as MS, should be interpreted and generalised cautiously due to 
continuous progressive nature of the condition, BCIs are a potential solution for increasing physical 
activity engagement (228), improving health (46) and increasing quality of life (325) among people 
with poor health or negative health behaviours (45, 46, 151, 152). However, studies that use BCIs 
rarely describe the BCI components of their interventions, making it difficult to transfer interventions 
into the clinical environment; WBP and BP were no exceptions to this. I hypothesised the combined 
intervention would be useful for pwMS in rural areas because WBP being “online” could be monitored 
from a distance and thus could be used to help people get engaged in, and confident in, exercising. 
Then BP could help facilitate long-term engagement by introducing a choice of physical activity. The 
mapping provided a chance to review all the BCI ingredients of these interventions.  
A significant limitation of my mapping activity was that there was no published method to help guide 
me through this process. For example, matching the different descriptions of each BCI which was used 
in each intervention with a standard definition of BCIs (156) can be challenging in terms of the many 
overlaps that may be found across different BCIs. Also, due to improvements that occur over time for 
each intervention, these included BCIs may change. Furthermore, different versions of the BCIs 
taxonomy have different definitions of individual BCIs. For instance, motivational interviewing was a 
BCI in the first version of the Michie taxonomy. However, it was totally deleted from the next version 
of the taxonomy.  
The other challenge was finding a method to evaluate the effectiveness of active BCIs that were used 
in each intervention. A method to evaluate the effectiveness of BCIs may be to conduct a meta-
analysis of different studies as I showed in chapter three, using extracted data of included studies. As 
I suggested in chapter three, more systematic reviews are needed to better understand the BCIs used 
139 
 
in studies that aim to increase the physical activity in pwMS. Although the results of these meta-
analyses helped me to justify the effectiveness of each BCI used, a knowledge gap remained. The gap 
was that although the BCIs overall effectiveness of the included studies were determined, the 
effectiveness of each individual BCI component within each study was not clear. In other words, which 
BCI in WBP or BP is more active and effective compared with the other included BCIs? To answer the 
question, I suggested the use of qualitative methodology. As the qualitative study methodologists 
suggest, qualitative analyses have a potential to more deeply evaluate multi-dimensional and complex 
research subjects such as cultural, perceptual, behavioural, or emotional issues (326). As I showed in 
the discussion part of chapter six, I used the quotes, subthemes and themes revealed in the feasibility 
study to do this. I compared the quotes and themes with the definition of each BCI that I mapped and 
found in WBP and BP. For example, when I compared a participant quote “It was important because 
you knew Big Brother was watching” with the Michie taxonomy, I concluded that the “Feedback and 
monitoring” was the underpinning BCI group. I am aware that this method is preliminary and 
rudimentary and requires much more investigation to verify the robustness of it.  
In future, I suggest expanding the mapping process I used. Firstly, I believe that a systematic review is 
warranted to find all the studies that use BCIs to increase the physical activity in pwMS and then all 
the BCIs used in all interventions within in these studies should be mapped to Michie’s taxonomy. 
Then the mapped BCIs should be categorised into groups and subgroups, and the evidence for their 
effectiveness investigated. Also, more qualitative research is warranted to develop a systematic 
method to explore the benefit and performance of each BCI within the intervention. 
7.2.2 Technology; replacement medium for rehabilitation? 
The technology (telerehabilitation) was one of the main features of my thesis. WBP is an established 
technology-mediated intervention that has been trialled now in several studies. BP has had low 
technology input in previous studies (participants were provided ongoing support from the BP 
physiotherapists via email, text messaging or telephone) but still relied on in-person face-to-face 
contact with the physiotherapist over three visits. WBP only required one such visit from the 
physiotherapist. Combining the two interventions for use in a rural setting required only one in person 
face-to-face physiotherapist visit and more firmly embedded the use of technology for all other 
activities. I trialled a number of technologies to do this - the internet, website, teleconferences, 
computer, activity monitors, emails, and telephone calls. These technologies, however presented a 
number of software and hardware issues and this combined with participants lack of computer 
knowledge and confidence to use technology created some challenges.  
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A critical question that arose out of my thesis was: is the replacement of a physiotherapist or 
physiotherapy role with a machine acceptable? Overall, based on the evidence revealed by the POC 
study, the feasibility study, and the systematic review (327), computer technology and internet 
communication act as a promising medium to facilitate patient and physiotherapist interactions. 
However, the therapeutic role of web-based programmes, without contact with a physiotherapist is 
debatable. The human-human relationship emerged as crucial to the acceptability of the combined 
intervention. The centrality of the health professional support to patient care and management is not 
new. A qualitative study of patients and healthcare professionals in pulmonary disease rehabilitation 
showed the same perspective as this thesis (328). In this study, 26 people with pulmonary disease and 
26 health care professionals were interviewed, and four themes emerged. One theme was 
“Communicating with healthcare professionals for education and support” that was congruent with 
my findings. Bianco pointed to the different social supports (emotional, informational, and tangible) 
that a person with a long-term sport injury may need in each part of their post-injury management 
(329). This author stated that physiotherapists provide the informational social support whereas other 
social support may come via the person's other network such as their family or team mates. Chan et 
al. showed how autonomy-supportive behaviours of physiotherapists could improve participants 
(n=115) motivation (p<0.05) to adhere to their post-surgery rehabilitation treatments (330). 
Wittmeier et al. highlighted the valuable professional advise that physiotherapists provide to 
encourage people with haemophilia to do an appropriate physical activity (331). With all this in mind, 
an important question that arose was: is it acceptable for participants to just use technology instead 
of a physiotherapist to gain that support? From the results of my thesis, I suggest that technology has 
a role in rehabilitation, but it cannot totally replace the health professional human contact. The 
participants acceptance to use the internet and computer did not mean that they accepted being 
controlled by a machine. They only used the technology due to lack of access to appropriate services, 
not because of wishing only for a machine-human relationship. As I discussed in chapter six, even the 
studies that used website contents to promote physical activity in pwMS had a sort of indirect human-
human relationship, such as a chatroom with an experienced physiotherapist or recorded video 
messages from physiotherapist to each participant (213). Another question that arises here is: what 
factors may influence this concept? For example, is age important in this regards? Also, what is the 
role of education in this respect? More research, especially qualitative research is warranted to 
explore people’s perception of the role of technology in telehealth and telerehabilitation and their 
interaction with it.  
The other issue revealed in the evaluation of the technology-related items of this thesis was computer 
knowledge and internet access of rural area participants. Overall, participants computer knowledge 
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was insufficient to use this form of technology effortlessly, for example, participants struggled with 
using electronic mailboxes, installing and updating the different software of the computers, or using 
the video conferencing applications. Based on the findings of previous similar studies (296, 297), this 
may have been because of a technological generation-gap. A majority of this thesis participants were 
50 years and older (297). Some participants were able to overcome this barrier by asking family 
(husband and son) to assist them. Also, access to reliable internet was particularly challenging, a 
presently insurmountable problem in some regions of rural New Zealand until better access is made 
available.  
Given these facts, how can the technological aspect of the combined interventions be improved? It 
may not be possible to increase a participants computer knowledge during a healthcare interaction. 
Instead, the use of smartphones rather than the websites may be useful. The recent expansion of 
mobile networks and use of smartphones could be leveraged (332). Phone applications can be 
installed quickly on smartphones and by simple touching can be accessible, and these do not need the 
knowledge required for using a computer (333). Recently, some systematic reviews have capitalised 
the ability of smartphones to increase physical activity and weight loss among the general population 
(334). Also, there is a moderate effect size of smartphone interventions regarding physical ativity 
(335), but these trials have not yet been used for pwMS. Therefore, another complex intervention 
needs to be developed that uses a BCI based intervention for pwMS with the help of smartphone 
applications. 
7.2.3 Physiotherapist education and its influence on research: 
One of the key findings of this thesis was the influence of the physiotherapist’s education on delivering 
psychologically-based interventions such as BCIs. Firstly, the physiotherapists in the POC study felt 
that they did not have sufficient knowledge of psychologically-based interventions as this was not 
taught in their undergraduate courses. Accordingly, I added additional training sessions for the 
physiotherapists in the feasibility study. Written materials (in the form of a training manual) were 
provided to familiarise physiotherapists with both WBP and BP. The physiotherapists found this 
material helpful; however, both physiotherapists mentioned that the educational sessions did not 
provide sufficient in-depth knowledge they felt was required to deliver a professional psychologically-
based intervention. Although I developed training manuals for the physiotherapists, on reflection, 
their quality may not have been sufficient and they were overly long. In future, more professionally 
developed manuals that are briefer and simpler need to be developed. More follow-up sessions with 
the physiotherapists are also required (336).  
142 
 
BCIs are a new concept in physiotherapy rehabilitation, and current training in entry-level graduate 
programmes is still rudimentary. However, this is an area of physiotherapy practice that is growing 
and future generations of physiotherapists may be more adept at delivering BCIs. BCIs can be a 
powerful tool that may help physiotherapists to improve patients’ quality of life through changing 
health behaviours. However BCIs may not be as effective when delivered by physiotherapists 
inexperienced in their use.  
A review of literature showed that training of a physiotherapist in the use of psychologically-based 
interventions is not a short or easy procedure. For instance, Somers et al. used some experienced 
clinical psychologists (one to five-year experience) to deliver such interventions in an randomised 
controlled trial aimed to train 232 people with knee osteoarthritis with pain coping strategies (337). 
Providing a manual to describe the intervention, role-playing sessions and meeting with the supervisor 
psychologist who commented on audio recorded sessions that each research psychologist did with 
her/his participants were different parts of the psychologists training.  A quick review of the training 
protocol of this research revealed some points; firstly, they used a knowledgeable supervisory team. 
Secondly, the research psychologist had an acceptable experience prior to joining the research team, 
and finally, there was continued supervision and training of the research team throughout the project. 
In the same research, in terms of condition and intervention, Hunt et al. used research 
physiotherapists to deliver a psychologically-based intervention (coping strategies) to participants 
with chronic osteoarthritis (n=20). These authors used a two-day workshop to teach the fundamentals 
of their intervention. The two facilitators of the workshop were experienced, clinical psychologists. To 
improve their performance, the research physiotherapists (with at least 11 years clinical experience) 
recorded their first interventional session with a participant for research team comment and advice 
(338). Two key points of this training strategy of this research were; firstly, they used experienced 
physiotherapists and second the physiotherapists were provided with feedback from a real participant 
interaction. To develop the training of physiotherapists in my combined intervention, I suggest first a 
systematic review to investigate the effectiveness of different backgrounds and experiences and 
training methods for psychological-based intervention to provide an evidenced-informed approach to 
this.  
7.2.4 Physical activity monitoring: 
Activity monitoring proved to be challenging. During the course of this thesis, I used three different 
tools to measure physical activity; two were electronic motion devices. These devices proved 
problematic in the POC study, and so for the feasibility study, I switched to using the GLTEQ 
questionnaire. This questionnaire was not ideal either.  
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Questionnaires ask people to recall their physical activity participation in the past week (or a specified 
period). However, this introduces problems with recall and memory (339), especially for those living 
with cognitive problems, as pwMS might do (340). Also, questionnaires are cultural and language-
based. Therefore their questions may have different meanings for different people (341). 
Furthermore, they are not particularly responsive to changes in physical activity levels (342). With 
regards to electronic activity monitors, they appear valid and reliable for use with the general 
population with normal gait and cadences (343), but not so with people who walk with gait 
impairments, people with disability and abnormal gait (344). Furthermore, the battery charging and 
small memory capacity of these monitors have limited use in the measurement of long-term physical 
activity (110, 345).  
New developments, however, are increasing the capabilities of electronic monitors by improving 
memory and data capacity, use of other electronic elements such as radio Frequency technology (346), 
electronic compass, or gyroscope which may make these monitors more reliable, valid and responsive 
(347). New battery technology will become available to increase the working duration of these devices 
(110).  
7.2.5 Recruitment strategies  
One of the limitations of this thesis was the low sample size and the slow and sporadic recruitment. 
The POC study recruitment strategy was successful. Therefore, it was logical to use that strategy as a 
starting point for my feasibility study, which was to recuit via the Otago branch of the MS Society. 
However, as I needed far more participants for the latter study, another strategy I included was 
advertising in local newspapers and on the facebook page and website of the MS Soceity and of the 
School of Physiotherapy of the University of Otago, none of which were successful. A further strategy 
was to post study information to physiotherapists and GPs located in the Otago and Southland regions. 
Three months later I added the South Canterbury region. With persistence, this latter strategy proved 
successful and the recruitment was eventually completed.   
A challenging question was why did the first strategy not work, when it had done so in previous MS 
studies undertaken by the School of Physiotherapy and the long standing good relationship the School, 
has with this Society? As I stated in chapter six, the main reason appeared to be the changes that 
occurred at that time amongst staff at the Otago MS Society. On reflection, another reason may be 
the timing of my intervention and the target population. The rural nature of my study meant that in 
all probability my target population were farmers and retired urban people who now lived in rural 
locations. The first announcement of my feasibility research was in August 2016, which is the end of 
the winter season in the Southern Hemisphere. This coincides with increasing farmers workloads with 
144 
 
the arrival of spring (and many farmers are involved in shearing and lambing, and in calving). Added 
to this was the protracted time span of my study of 6 months may not have been attractive to potential 
volunteers from the farming community. This problem might be less with the urban person retired to 
a rural community. A review of the POC and feasibility studies participants revealed that near a half 
of them were of the latter category. There is some evidence that illustrated the winter time and cold 
weather are a barrier to physical activity. However, of note, summertime was considered as a 
facilitator to do general physical activities and not as a facilitator to initiating participation in new 
physical activity interventions (348-350). In the South Island of New Zealand, summer only officially 
starts at the beginning of December, and the weather often remains cold and inclement well into 
January. 
A reason for the lack of success of my second strategy (advertisements published on websites such as 
the Otago MS society website and Facebook and the BP page of School of Physiotherapy website of 
the University of Otago) may be linked to the use (or lack thereof) of technology as an advertising tool. 
Based on the technological generation gap evidence (297), it could be argued that the older population 
to which most of my participants belonged, neither wished to be nor were savvy with computers and 
website browsing. Added to this was the poor internet access in rurual New Zealand alluded to 
previously. To illustrate this point, a demographically-based  study showed a significantly higher level 
of use of social media networks among urban population than rural people (351). Similarly, another 
study showed the same pattern of technological information use in urban and rural health care 
practitioners (352). 
The learning from this part of the thesis could be the need of more exact and precise timing of research 
in rural settings (to fit with farming and weather) and possibly more use of in-person recruitment and 
relationship building (for example, speaking at community forums), as opposed to technology-based, 
recruitment approaches. 
7.2.6 The intervention time frame: 
The time frame of my intervention was 24 weeks which could be considered quite long. Actually, no 
participant or physiotherapist mentioned this as a problem. According to Lally et al., 84 days or 12 
weeks are needed to create a new habit for a person. However, it is important to notice that the stage 
of change, based on TTM, differs for each individual and therefore, the time needed to change physical 
activity behaviour may vary for individuals. In this regard, 24 weeks may not be considered too long. 
A question that may be asked is; could it be possible to shorten or extend the time frame of 
intervention? On one hand, whilst shortening the intervention may make it more attractive to 
potential participants, it may not be long enough to permanently change their physical activity 
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behaviour and thus increase their long term participation in physical activity. In comparison, extending 
the intervention may increase the rate of attrition (318), however, potential participants may be 
amenable to the advantage of having longer social and professional support.  
That said, I only followed up participants for 6 months, in essence, this is not a very long time frame 
to establish whether my participants could engage “long term” in physical activity, the premise of the 
combined intervention. MS is a lifelong condition which usually presents in early adulthood, thus 
people with MS live for a long time with this condition. If physical activity is to offer them the benefits 
I outlined that it does in chapter two, then people not only have to engage in physical activity, they 
have to do so for a life time. Future research of the combined intervention needs to be conducted 
over much longer periods than 6 months, one to five years may be more appropriate. These long time 
frames of course bring additional problems, such as attrition, financial costs, and fidelity. Given these 
facts, more research is warranted for better understanding of effects of time frame on the 
effectiveness of the interventions and the studies investigating them.  
7.2.7 Outcome measures: 
Regarding the outcome measures that we used, the results were different. As I described in chapter 
five, and also, in the physical activity monitor part of this current chapter, the activity monitors that I 
used were not particularly helpful in my study. Actually, the motivational components of the Garmin 
activity monitor were the main problem. The commercial activity monitors are designed to evaluate 
physical activity and then encourage people to do more physical activity to reach the adjusted goal. 
Furthermore, the other activity monitor (SensWear) was not an appropriate tool for long-term use. As 
I reported in chapter five, all the participants in the POC study complained of bulkiness, scratching and 
the noise that it made.  
Also, the body composition and functional tests were not used much in the feasibility study, due to 
the difficulty of conducting of them via self-reporting questionnaires. As I mentioned in chapter five, 
two body composition tools were suggested by the MS consensus (263), of the two suggested I used 
the WHR rather than body mass index (BMI). Although, Paul et al. mentioned that WHR can be driven 
by participants, in the POC study, the researcher was not convinced by using the WHR as an 
appropriate self-reporting tool because of the difficulty participants had in measuring themselves with 
it. For participants, finding the bony landmarks is not very easy. As with the WHR, the researcher was 
not convinced that the operating of 5STS was easy and practical as a self-reporting measuring tool, 
however, its function as a researcher-driven tool was fine. Taking all of this into account, I suggest a 
review or systematic review to find more evidences about practicability of body composition and body 
function self-reported tools vs researcher driven tools is warranted. 
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The other outcome measures (MSIS-29, MFIS, HDAS, GLTEQ, and physical activity stages of change 
questionnaire) were shown to work appropriately. All the mentioned measuring tools were shown to 
have easy and understandable contents and none of the participants complained about using them. 
Therefore, it will be logical to use them in future research. 
7.3 Conclusion and Recommendations: 
In summary, based on the findings of this thesis, the combination of WBP and BP appears acceptable 
and feasible as a means of increasing physical activity engagement for pwMS living rurally, but this 
intervention requires further investigation before it can be evaluated for effectiveness in a phase 
three randomised controlled trial. The further investigations I recommend are: 
 
1. The physiotherapists delivering the combined intervention require far more education in BCIs 
and psychologically-based interventions, alongside their training in WBP and BP. A more 
formal evaluation of physiotherapists’ knowledge about BCIs and their skills to use BCIs and 
other psychologically-based interventions may be required. Following which a systematic 
review to identify, and the effectiveness thereof, of factors required for such training. There 
are some published recommendations for training physiotherapists who practice in sport 
rehabilitation (353) and musculoskeletal rehabilitation (354), however, to my knowledge, no 
systematic review currently exists for training physiotherapists involved in neurorehabilitation 
with regards to psychological-based interventions. The enhanced educational package for 
training physiotherapists in WBP and BP will then need to be evaluated.  
2. To overcome challenges presented by poor internet access and lack of confidence in use of 
computer, perhaps using more accessible technological devices such as smartphones may be 
a solution and should be trialled in future feasibility studies. 
3. Future research may need to recruit nationally or internationally to generate appropriate 
sample sizes and thus collaboration between Universities and Institutions in MS research is 
essential. Also, if the legal and ethical challenges are handled, establishing a database for 
pwMS in New Zealand with the asistance of the health care system and New Zealand MS 
society may be another solution to the recruitment issues identified in this thesis. More face-
to-face recruitment is probably required to help build relationships with the target 
populations. Consideration of the timing of the recruitment and research is important, 
especially for rurally based populations. Also, in future trial I suggest physical activity as an 
outcome measure however, given the small sample size of this study I am unable yet to 
estimate the optimal sample size required based on this outcome measure.  
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4. One barrier to recruitment (and to retention may be the length of the combined intervention 
(24 weeks). To change behaviour in physical activity behaviour takes time and for people living 
with long term conditions such as MS, engagement in physical activity participation is for the 
rest of the persons’ life, so there is no way of getting around the length of the intervention 
(and thus the trials that investigate them).  Far more research is thus required on how best to 
get this message across and to support the person “for life”, especially, in the case of MS, in 
the presence of a progressively deteriorating condition. 
5. Measuring physical activity objectively remains an issue, especially measuring change in 
behaviour of physical activity engagement long term. This will be an area of ongoing research 
as new technology and more sophisticated questionnaires emerge. 
6. More investigation to improve the system of mapping and evaluation of BCIs in interventions 
to increase physical activity engagement is required. I recommend, in the first instance, a 
systematic review to identify all the studies using interventions that incorporate BCIs to 
increase physical activity participation of pwMS and to then map the BCIs in all interventions 
















































Appendix 1: Systematic review search Strategy. 
 Database: Ovid MEDLINE(R) inception to present with daily update  
1     Behavior Therapy/ (24740) 
2     Cognitive Therapy/ (17401) 
3     cognitive psychology.mp. (883) 
4     coaching.mp. (2341) 
5     coping.mp. (33234) 
6     behavioral change techniques.mp. (18) 
7     Self Efficacy/ (13217) 
8     1 or 2 or 3 or 4 or 5 or 6 or 7 (87900) 
9     physical activity.mp. (56630) 
10     Life Style/ (45416) 
11     Physical Fitness/ (23009) 
12     locomotor acitvity.mp. (1) 
13     activity of daily living.mp. (1098) 
14     "Activities of Daily Living"/ (53361) 
15     Health Behavior/ (36647) 
16     Attitude to Health/ (75852) 
17     "Quality of Life"/ (126374) 
18     Fatigue/ (20752) 
19     adherence.mp. (90421) 
20     participation.mp. (120953) 
21     9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 (564278) 
22     8 and 21 (19124) 
23     exp Multiple Sclerosis/ (46551) 
24     Random Allocation/ (84185) 
25     Clinical Trial/ (501251) 
26     24 or 25 (561442) 
27     22 and 23 (230) 
28     26 and 27 (16) 




Database: Web of Science inception to present with daily update 
Set Results  
# 26 152 #25 AND #24 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 25 604 #23 AND #22 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 24 257,490 TOPIC: (randomised controlled trial) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 23 84,405 TOPIC: (Multiple Sclerosis) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 22 43,731 #21 AND #9 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 21 950,915 #20 OR #19 OR #18 OR #17 OR #16 OR #15 OR #14 OR #13 OR #12 OR #11 OR #10 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 20 166,845 TOPIC: (participation) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 19 87,353 TOPIC: (adherence) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 18 154,489 TOPIC: (fatigue) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 17 262,386 TOPIC: (quality of life) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 16 41,354 TOPIC: (attitude to health) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 15 116,854 TOPIC: (health behaviour) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 14 21,070 TOPIC: (activity of daily living) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 13 24,279 TOPIC: (locomotor activity) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 12 19,043 TOPIC: (physical fitness) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 11 29,122 TOPIC: (life style) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 10 154,425 TOPIC: (physical activity) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 9 210,031 #8 OR #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 8 46,901 TOPIC: (self efficacy) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 7 3,238 TOPIC: (behavioral change techniques) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 6 100,020 TOPIC: (coping) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 5 12,232 TOPIC: (coaching) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 4 11,585 TOPIC: (cognitive psychology) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 3 14,767 TOPIC: (cognitive behavioral* therapy) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 2 26,050 TOPIC: (behavioral* therapy) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 
# 1 29,506 TOPIC: (behavioral* intervention) 
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=All years 








Appendix 2: Feasibility study manual (the attached articles in the original version are not included) 
     
The Blue Prescription Study programme 
Developing an intervention to promote physical activity engagement for people with multiple 
sclerosis living in rural settings: a feasibility study 
Information and guidelines for research physiotherapists:  
 
 
List of content: 
I. What is Web-Based Physio?.............................................................................................2 
II. What is Blue Prescription?...............................................................................................2 
III. Why a combined intervention?........................................................................................3 
IV. What is your role as a  research physiotherapist?.............................................................3 
V. How you can adjust a web page for the participants in WBP website?.............................6 
VI. How can you do a successful motivational interview?.....................................................12   
1. Empathy………………………………………………………………………………………………………………………..12 
2. Discrepancy……………………………………………………………………………………………………………………12 
3. No Argument…………………………………………………………………………………………………………………13 
4. Resistance……………………………………………………………………………………………………………………..13 





This is a feasibility study that combines two interventions that might help people with multiple 
sclerosis (pwMS) to initiate and maintain engagement in physical activity. Feasibility studies in New 
Zealand and Scotland have shown that Web-Based Physio (WBP) and Blue Prescription (BP) are 
acceptable to participants with MS and, to physiotherapists and researchers. This study will combine 
both approaches and test the feasibility of the overall combined intervention for pwMS living in rural 
settings or in non-rural settings who experience barriers to physical activity. By combining the 
interventions we hope to help people with MS who are a different stages of readiness to change their 
physical activity behaviours. 
What is Web-Based Physio? 
(41) 
Web-based physiotherapy (WBP) may be an effective alternative for those unable to access traditional 
hospital or community based physiotherapy such as those who work, who live in rural locations, who 
are housebound, who have transport problems or for whom the effort/stress of getting to the therapy 
location outweighs the benefits gained. The result of a study in Scotland showed a significant 
decreasing in physical MS-impact after 12 weeks of WBP.  The website contains a library of over 200 
exercises, and each exercise page contains a video clip of the exercise, audio and text description of 
the exercise and a timer to use as appropriate. You will visit each participant and participate in a 
collaborative process to agree on exercise goals. You will then develop an individualised exercise 
programme for each participant from the website. Each programme may consist of warm-up/cool-
down, flexibility, strengthening, balance and cardiovascular exercises as well as advice and education. 
You will ask participants to complete a digital diary of exercise participation on the website which you 
can view remotely, and from this, you can alter the participant’s programme depending on their 
progress and, monitor adherence and adverse events.  
What is Blue Prescription? 
(19, 48, 231, 232) 
Many pwMS would like to have more choice and control over their physical activities but are not sure 
to start and need support with this process. One novel approach that addresses these needs is 
physiotherapy-led approach called Blue Prescription (BP). In a feasibility study, Blue Prescription 
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significantly lessened the negative impact of MS on the lives of participants and appeared to 
strengthen the confidence of participants in their ability to adhere to exercise over a longer period. 
This approach, however, seemed to work best for people with MS who were already considering a 
behaviour change with regards to physical activity. The feasibility study was carried out in two urban 
areas of New Zealand, meaning that physiotherapists could visit participants in their homes and even 
accompany participants to exercise venues. It also meant there were more exercise activities and 
venues to choose from (an important factor for potential exercisers). From an earlier stakeholder 
consultation process, we know that many people with MS living in New Zealand are based in rural 
areas where there is little support for or choice about their exercise plans.  
Why a combined intervention? 
(156, 234) 
Both BP and WBP interventions are based on behaviour change techniques (BCTs). These techniques 
were developed to help people change inappropriate or unhealthy behaviours to more healthy and 
appropriate behaviours. According to Michie et al, 93 different types of BCTs are defined (please, see 
the Document file, BCTs part, articles). One BCT is motivational interviewing that aims to encourage 
people to develop intrinsic motivation to change behaviours.  Barrier identification and problem 
solving are BCTs that are used in BP. Those BCTs help people to find the problems that may restrict 
their ability to do appropriate behaviours and help them to find an acceptable solution for those 
problems. Goal-setting, Behaviour substitution and Self-monitoring of behaviour will be used to help 
the participants regarding their behaviour changing.  These BCTs mostly are part of WBP. For example, 
the participant and the physiotherapist design a plan with a realistic and achievable goals, also, they 
can change some inappropriate behaviours such as sedentary with some more healthy behaviour 
(exercise). Furthermore, participants can monitor their daily physical activity in their diary and use this 
to see trends over time (self-monitoring).  
What is your role as a research physiotherapist? 
Participants will be recruited and randomised into case and control groups by a research assistant in 
School of Physiotherapy. A personal information file containing demographic information for each 
participant will then be sent to you. You can see the time table of study in Table 1. 
Specifically you will: 
 Contact each participant to organise a one-hour-appointment. You could possibly organise 
two or three participant appointments on the same day in order to save travel time. 
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 At the first session, you will assess and evaluate the participant. We provide some guidelines 
for assessment of balance, walking ability and muscle performance in the attached file. There 
is no fixed process for this assessment and we leave this to your discretion as a 
physiotherapist with experience in neurological rehabilitation.  
 Based on your evaluation, you will design an individual exercise plan for the participant. 
Participants should not be made to feel that any specific exercise is mandatory so please 
consult with them about which exercise you are thinking of recommending. Remember that 
this an intervention to maximize their participation in their own physical activity plan. You 
can use more than 200 video clips that exist in WBP website. Each plan may consist of warm 
up, flexibility, aerobic, strengthening, balance and cool down parts. Based on your 
evaluation, you can vary the recommended grade of each exercise from very easy to hard. 
Please check that the participants can log in to the WBP website. Also, please take some 
time to run through all of the features that they need to use to record their activities, such 
as website timer or diary. Do not hesitate to contact to research administrators if you have 
any problem in this respect. You can find the contact information in page 14. 
 Details of how to carry out each exercise should be written by you in their website diary. 
Pleas instruct each exercise remotely within one day after the first meeting. Please, instruct 
each exercise clear and precise. You can add any more comments for the next sessions, if you 
think they need.  
 Monitor participant adherence and feedback in the diary weekly to identify problems or 
participant requests to change the exercise plan. The instruction of diary has been added in 
website part in page 6. 
 After 12 weeks, you will have a Zoom meeting with the participant when the BP part of 
intervention will start. To find more detail about Zoom please follow this link: 
https://zoom.us/ 
 At the first session of BP you will use Motivational Interviewing techniques to talk about 
physical activity and encourage participants to talk about activities they think they would 
enjoy.  
 At this session you will also use goal-setting techniques to help participants become more 
motivated to stay engaged in their physical activity.  
 Participants are welcome to continue using the WBP website and/or another activity such as  
stationary cycling, treadmill walking, dog-walking  or swimming 
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 Following Session 1 of BP, you and the participant can stay in contact via text message, Phone 
calls and Zoom. Participants’ diaries can also be used as your connection with each 
participant.  
 In the second BP session, you will help the participant identify barriers to engaging in their 
chosen physical activity and strategies they might use to overcome any barriers they identify. 
Barriers are those things that interrupt participants’ ability to be as active as they would like, 
such as bad weather, time constraints or experiencing a relapse of their illness. There are a 
range of strategies that they might use to attempt to overcome those barriers, such as finding 
alternative venues, setting a protected time to carry out their physical activity or temporarily 




Table 1: The time table of study 
 
How you can adjust a web page for the participants in WBP website 
The website link is: (Figure 1) 
http://www.webbasedphysio.com 
The website includes a special facilities for physiotherapists that allow you to manage your 
participants exercise plan. You will be provided with a username and password for the website in the 
physiotherapists’ educational session. Please be careful to save and protect the allocated username 




 Figure 1: front page of website 





Figure2: The participants list 
To add a new participant to this list, press the Add Patient button in right corner at the bottom of the 
screen (Figure 3), then add their full name and email address. To complete the procedure, tick the YES 
button to Archive your participants. Finally, clicking the Save and Exit button will add the participant.  
 
Figure 3: How to add a Patient 
After adding a participant, you can then select the Programme tab and add in the exercises you have 
selected in consultation with the participant. In the Programme Instructions box, you can add any 
overall notes for the participants (Figure 4). You can then select the specific exercises from the list and 
add any instructions for that particular exercise (Figure 5). There is no limitation on the number of 
exercises that you choose, however based on our proof of concept study, 8 to 25 exercises depend on 
the case and situation may be suitable. Remember to press the Save and Exit button to save your 
participant’s programme. An email will be sent to your participant with a confirmation link. Please ask 
your participants to use follow the link. They will be prompted to set up a password the first time they 






Figures 4 and 5: 
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Figures 6 and 7 
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What is motivational interview? 
Motivational interview is one of the key points of BP. According to the Transtheoretical Model of 
behaviour change, people go through five stages of readiness for behaviour change (pre-
contemplation, contemplation, preparation, action and maintenance). On the other word, when you 
want to start the interview, considering the score of the reediness stage questionnaire to better 
understanding of the participants ideas. Basically, the participants may have one of the following 
stages: 
1. Not ready – uninterested 
2. Uncertain – ambivalent 
3. Ready to act 
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4. New active 
5. Long-term active 
The last two stages should not be included in this study, so, you will meet the first three stages. Not 
surprisingly, the first stage may be rare as well, because of volunteer nature of this study. Regardless 
to the reediness stages score of the participants, motivational interview has the following basic roles: 
1. Listen to the individual reflectively and express your empathy. (Active listening) 
2. Show the individual that their goals or values have discrepancy with their current behaviour.  
3. No fighting or arguing. 
4. Avoid direct opposing 
5. Support Self-efficacy and optimism in the participants strongly. 
How a motivational interview session will do? 
A most helpful approach to start interview may be use the participants’ reediness change stage. It 
can show you which kind of strategy may be suitable.  
 Not ready – uninterested 
Clients who are not ready for change as a rule do not voluntarily seek counselling in lifestyle issues. 
They are often pressured by others into therapy or the interviewer brings up the topic when the client 
seeks help for another problem. Consequently, the client can have a resistance to talking about the 
problematic habit, in this case physical activity. The style of the interviewer can therefore be crucial 
to whether it is a constructive conversation about change. When clients are pressured into 
counselling, it is important that the interviewer show respect and understanding for the client’s 
aversion to talking about the matter. 
 Uncertain – ambivalent 
The objective of this stage is to investigate the ambivalence that exists towards the life habit and to 
potential change, and to help the client strengthen a desire for change. Most of all, the interviewer 
wants to stimulate the client to make a decision or take a step in the direction of change, although 
he or she remains uncertain. 
 Ready to act 
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When the client is ready to get started with the change, focus will be on strengthening the 
commitment to change and working out a concrete and realistic plan for change. In addition, at this 
stage the client will be more set on cooperating to find solutions to difficulties and obstacles. Although 
the client’s own ideas are best, the client is also receptive to practical advice. 
The Table 2 help you to understand the stages and related strategies that may be helpful. 
 
Not ready – uninterested 




• Create discrepancy 
• Evoke ambivalence 
 
What one can talk about: 
• View of the situation now 
• Negative consequences 
• View of physical activity 
 
Uncertain – ambivalent 




• Investigate ambivalence 
• Decision 
 
What one can talk about: 
• Advantages/disadvantages 
of the situation/with change 
• Obstacles and solutions 
• Small steps to try change 
 
Ready to act 
High readiness for change 
 
Focus: 
• Practical methods 
• Commitment to follow a plan 
 
What one can talk about: 
• Practical planning 
• Ways of achieving success 
• Point in time 
Table 2  
Please read the motivational interview part in attached file carefully. 
Contact: 
Dr. Catherine M. Smith, (cath.smith@otago.ac.nz; tel 03 479 7473) 



















































Appendix 4: Table 6-3: Tests of Normality 
 
Shapiro-Wilk 
Statistic df Sig. 
MFIS_1 .841 8 .077 
MFIS_2 .907 8 .336 
MFIS_3 .919 8 .420 
MFIS2_1 .852 8 .100 
MFIS3_1 .896 8 .266 
MFIS3_2 .982 8 .971 
MFIS_PH_1 .937 8 .582 
MFIS_PH_2 .876 8 .173 
MFIS_PH_3 .963 8 .836 
MFISPH2_1 .913 8 .372 
MFISPH3_1 .930 8 .516 
MFISPH3_2 .986 8 .986 
MFIS_PSY_1 .933 8 .544 
MFIS_PSY_2 .877 8 .177 
MFIS_PSY_3 .922 8 .448 
MFISPSY2_1 .749 8 .008* 
MFISPSY3_1 .885 8 .210 
MFISPSY3_2 .914 8 .387 
MFIS_COG_1 .937 8 .581 
MFIS_COG_2 .936 8 .573 
MFIS_COG_3 .861 8 .124 
MFISCOG2_1 .944 8 .646 
MFISCOG3_1 .879 8 .184 
MFISCOG3_2 .897 8 .272 
MSIS29_PH_1 .848 8 .091 
MSIS29_PH_2 .745 8 .007* 
MSIS29_PH_3 .898 8 .277 
MSIS29PH2_1 .898 8 .275 
MSIS29PH3_1 .922 8 .449 
MSIS29PH3_2 .863 8 .130 
MSIS29_PSY_1 .877 8 .175 
MSIS29_PSY_2 .879 8 .183 
MSIS29_PSY_3 .902 8 .302 
MSIS29PSY2_1 .847 8 .089 
MSIS29PSY3_1 .962 8 .833 
MSIS29PSY3_2 .813 8 .039* 
GLTEQ_1 .884 8 .207 
GLTEQ_2 .615 8 .000* 
GLTEQ_3 .887 8 .221 
GLTEQ2_1 .840 8 .076 
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GLTEQ3_1 .865 8 .135 
GLTEQ3_2 .591 8 .000* 
EXSE_1 .860 8 .119 
EXSE_2 .876 8 .172 
EXSE_3 .904 8 .311 
EXSE2_1 .802 8 .030* 
EXSE3_1 .936 8 .571 
EXSE3_2 .829 8 .058 
HDAS_D_1 .913 8 .375 
HDAS_D_2 .860 8 .119 
HDAS_D_3 .821 8 .048* 
HDAS_D2_1 .938 8 .592 
HDAS_D3_1 .977 8 .946 
HDAS_D3_2 .930 8 .520 
HDAS_A_1 .927 8 .493 
HDAS_A_2 .858 8 .114 
HDAS_A_3 .691 8 .002* 
HDAS_A2_1 .731 8 .005* 
HDAS_A3_1 .813 8 .040* 
HDAS_A3_2 .918 8 .416 
df= degree of freedom, * = abnormal distribution  
 
Appendix 5-A: Table 6-2-B: Descriptive data (mean, SD) of all outcome measure at all measurement 
points 
 
 Control Group Intervention group 
Mean SD Mean SD 
PASOC Baseline 2.75 1.70 3.17 1.47 
12 week 2.25 0.95 3.75 1.89 
24 week 2.25 0.95 3.50 1.91 
MFIS Baseline 43.75 21.83 36.83 11.90 
12 week 41.75 23.34 28.75 15.58 
24 week 38.25 26.91 28.50 12.79 
MSIS-29 
Physical 
Baseline 47.49 27.23 41.38 30.39 
12 week 48.33 26.77 38.74 18.82 
24 week 40.83 33.78 31.66 26.91 
MSIS-29 
Mental 
Baseline 30.53 29.18 41.35 13.93 
12 week 29.60 30.05 31.47 18.51 
24 week 31.46 31.46 24.86 9.45 
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GLTEQ Baseline 21.50 17.25 23.66 20.90 
12 week 22.25 10.90 45.25 57.59 
24 week 19.25 4.27 23.25 23.68 
EXSE Baseline 85.31 23.90 61.87 34.83 
12 week 75.81 23.66 65.93 39.28 




Baseline 6.50 3.51 3.16 2.136 
12 week 6.25 3.86 2.50 2.38 
24 week 7.00 4.96 3.50 1.29 
HDAS 
Anxiety 
Baseline 4.25 1.70 6.16 2.63 
12 week 5.75 5.67 3.75 3.30 
24 week 6.00 5.41 4.50 1.00 
GLTEQ = The Godin leisure-time Exercise Questionnaire, MSIS-29 = Multiple Sclerosis Impact Scale 29-V2, MFIS = Modified 
Fatigue Impact Scale, EXSE = Exercise Self-Efficacy Scale, HADS = Hospital Anxiety and Depression Scale, PASOC = Physical 




Appendix 5-B: Table 6-4:  ANOVA Table for difference within and between control and 
intervention groups 
 









.417 1 .417 .170 .691 
 Within Groups 19.583  8 2.448  





(Combined) 4.500 1 4.500 2.000 .207 
Within Groups 13.500 6 2.250   





(Combined) 3.125 1 3.125 1.364 .287 
Within Groups 13.750 6 2.292   





(Combined) 190.125 1 190.125 .428 .537 
Within Groups 2663.750 6 443.958   





(Combined) 21.600 1 21.600 .328 .582 
Within Groups 526.500 8 65.813   







(Combined) 98.000 1 98.000 1.531 .262 
Within Groups 384.000 6 64.000   





(Combined) 15.125 1 15.125 .143 .718 
Within Groups 634.750 6 105.792   





(Combined) 3.267 1 3.267 .303 .597 
Within Groups 86.333 8 10.792   





(Combined) .000 1 .000 .000 1.000 
Within Groups 107.500 6 17.917   





(Combined) .500 1 .500 .050 .830 
Within Groups 59.500 6 9.917   





(Combined) 62.017 1 62.017 .847 .384 
Within Groups 586.083 8 73.260   





(Combined) 72.000 1 72.000 .639 .455 
Within Groups 676.000 6 112.667   





(Combined) 98.000 1 98.000 .707 .433 
Within Groups 832.000 6 138.667   





(Combined) 89.670 1 89.670 .105 .754 
Within Groups 6843.885 8 855.486   





(Combined) 167.994 1 167.994 .180 .686 
Within Groups 5597.745 6 932.957   





(Combined) 281.017 1 281.017 .637 .448 
Within Groups 3527.322 8 440.915   





(Combined) 7.031 1 7.031 .011 .919 
Within Groups 3739.036 6 623.173   





(Combined) 87.054 1 87.054 .161 .702 
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Within Groups 3238.721 6 539.787   





(Combined) 11.267 1 11.267 .029 .868 
Within Groups 3078.333 8 384.792   





(Combined) 32.000 1 32.000 .111 .751 
Within Groups 1737.500 6 289.583   





(Combined) 1318.359 1 1318.359 1.355 .278 
Within Groups 7781.641 8 972.705   





(Combined) 195.031 1 195.031 .185 .682 
Within Groups 6309.719 6 1051.620   





(Combined) 484.383 1 484.383 .316 .594 
Within Groups 9200.984 6 1533.497   





(Combined) 26.667 1 26.667 3.565 .096 
Within Groups 59.833 8 7.479   





(Combined) 28.125 1 28.125 2.733 .149 
Within Groups 61.750 6 10.292   





(Combined) 8.817 1 8.817 1.618 .239 
Within Groups 43.583 8 5.448   





(Combined) 8.000 1 8.000 .371 .565 
Within Groups 129.500 6 21.583   
Total 137.500 7    









Appendix 6: Table 6-5:  the difference of each item along the time span  
 







Between Groups (Combined) 4.500 1 4.500 .144 .717 
Within Groups 187.000 6 31.167   
Total 191.500 7    
MFIS3_1 * 
GROUP 
Between Groups (Combined) 6.125 1 6.125 .017 .901 
Within Groups 2177.750 6 362.958   
Total 2183.875 7    
MFIS3_2 * 
GROUP 
Between Groups (Combined) 21.125 1 21.125 .058 .818 
Within Groups 2191.750 6 365.292   
Total 2212.875 7    
MFISPH2_1 * 
GROUP 
Between Groups (Combined) 3.125 1 3.125 .224 .653 
Within Groups 83.750 6 13.958   
Total 86.875 7    
MFISPH3_1 * 
GROUP 
Between Groups (Combined) 18.000 1 18.000 .138 .723 
Within Groups 780.000 6 130.000   
Total 798.000 7    
MFISPH3_2 * 
GROUP 
Between Groups (Combined) 36.125 1 36.125 .334 .584 
Within Groups 648.750 6 108.125   
Total 684.875 7    
MFISPSY3_1 * 
GROUP 
Between Groups (Combined) 6.125 1 6.125 .275 .619 
Within Groups 133.750 6 22.292   
Total 139.875 7    
MFISPSY3_2 * 
GROUP 
Between Groups (Combined) .500 1 .500 .015 .905 
Within Groups 195.000 6 32.500   
Total 195.500 7    
MFISCOG2_1 * 
GROUP 
Between Groups (Combined) 2.000 1 2.000 .168 .696 
Within Groups 71.500 6 11.917   
Total 73.500 7    
MFISCOG3_1 * 
GROUP 
Between Groups (Combined) .000 1 .000 .000 1.000 
Within Groups 257.500 6 42.917   
Total 257.500 7    
MFISCOG3_2 * 
GROUP 
Between Groups (Combined) 2.000 1 2.000 .052 .828 
Within Groups 232.000 6 38.667   
Total 234.000 7    
MSIS29PH2_1 * 
GROUP 
Between Groups (Combined) 41.999 1 41.999 .270 .622 
Within Groups 932.295 6 155.382   
Total 974.293 7    
MSIS29PH3_1 * 
GROUP 
Between Groups (Combined) 50.000 1 50.000 .224 .653 
Within Groups 1338.545 6 223.091   
Total 1388.545 7    
MSIS29PH3_2 * 
GROUP 
Between Groups (Combined) .353 1 .353 .001 .971 
Within Groups 1499.128 6 249.855   
Total 1499.481 7    
MSIS29PSY2_1 
* GROUP 
Between Groups (Combined) 61.605 1 61.605 .719 .429 
Within Groups 514.412 6 85.735   
Total 576.017 7    
MSIS29PSY3_1 
* GROUP 
Between Groups (Combined) 392.981 1 392.981 3.227 .123 
Within Groups 730.652 6 121.775   
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Total 1123.632 7    
GLTEQ2_1 * 
GROUP 
Between Groups (Combined) 703.125 1 703.125 .872 .386 
Within Groups 4835.750 6 805.958   
Total 5538.875 7    
GLTEQ3_1 * 
GROUP 
Between Groups (Combined) .125 1 .125 .001 .978 
Within Groups 917.750 6 152.958   
Total 917.875 7    
EXSE3_1 * 
GROUP 
Between Groups (Combined) 312.500 1 312.500 .248 .636 
Within Groups 7549.500 6 1258.250   
Total 7862.000 7    
EXSE3_2 * 
GROUP 
Between Groups (Combined) 62.161 1 62.161 .171 .694 
Within Groups 2184.299 6 364.050   
Total 2246.460 7    
HDAS_D2_1 * 
GROUP 
Between Groups (Combined) 2.000 1 2.000 1.263 .304 
Within Groups 9.500 6 1.583   
Total 11.500 7    
HDAS_D3_1 * 
GROUP 
Between Groups (Combined) 1.125 1 1.125 .284 .613 
Within Groups 23.750 6 3.958   
Total 24.875 7    
HDAS_D3_2 * 
GROUP 
Between Groups (Combined) .125 1 .125 .030 .868 
Within Groups 24.750 6 4.125   
Total 24.875 7    
HDAS_A3_2 * 
GROUP 
Between Groups (Combined) .500 1 .500 .140 .722 
Within Groups 21.500 6 3.583   
Total 22.000 7    
SOC_2_1 * GROUP Between Groups (Combined) 3.125 1 3.125 5.000 .067 
Within Groups 3.750 6 .625   
Total 6.875 7    
SOC_3_1 * GROUP Between Groups (Combined) 2.000 1 2.000 3.000 .134 
 Within Groups 4.000 6 .667   
 Total 6.000 7   .356 
SOC_3_2 * GROUP Between Groups (Combined) .125 1 .125 1.000  
Within Groups .750 6 .125   
Total .875 7    
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